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U. S. S. OKLAHOMA. 
DESCRIPTION. 


By HENDERSON B. GREGORY, ASSOCIATE. 


The Oklahoma, battleship No. 37, is the last of our bat- 
tleships, built or building, equipped with reciprocating en- 
gines. She is sister ship to the Nevada, fitted with Curtis 
turbines, and built by the Fore River Shipbuilding Corpora- 
tion, of Quincy, Mass. 

Authorized by an Act of Congress, approved March 4, 191i, 
the Oklahoma was built under contract by the New York Ship- 
building Company, of Camden, N. J., at a cost of $5,926,000. 
The time of completion, under the terms of the contract, was 
three years. She is a twin-screw vessel of about 27,500 tons 
displacement, and designed for a speed of 20.5 knots with the 
main engines developing 24,800 I.H.P. Her boilers are of 
the Babcock & Wilcox oil-burning type. 
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Principal Hull Dimensions. 


Length between perpendiculars, feet and inches 
on L.W.L,., feet and: inches 
over all, feet and inches....:.. Gad died ides dpcdsgiensenis couddsesee 

Breadth, extreme, on L.W.L., feet anid inches 

molded, feet and inches 

Depth molded, main deck at side M.S., feet and inches 

Draught, mean, to L.W.1., feet and inches . 

Displacement corresponding, tons 

per inch at L.W.L., tons 
Ratio of length to beam 
Coefficient of fineness, block 
midship section 
Tes Wily PUR scsciiirsicccsassesieastiiacaicesees : 








GENERAL DESCRIPTION OF HULL. 


In profile the Ok/ahoma presents some striking departures 
from that of her predecessors, there being but one smoke pipe, 
four turrets and an upper deck carried aft about half the length 
of the vessel. T'wo masts of the customary cage type are pro- 
vided and fitted with spotters’ tops, wireless, signal yards, etc. 
There are eight searchlights, two on each mast and four 
mounted on portable trucks. 

Superstructure, Deck and Bridges.—Forward between tur- 
ret II and the foremast is located the superstructure deck. On it 
are mounted two 5-inch guns and four 3-pounders. Above the 
superstructure deck is the bridge provided with portable ex- 
tensions reaching to the vessel’s sides. The chart house is 
located amidship on the bridge, just forward of which is the 
conning tower. A conning platform is above the bridge 
amidship. 

Upper Deck.—This deck extends from the bow aft about 
half the length of the vessel. Forward are the windlass, an 
electric deck winch and turrets I and II. It is weather deck 
throughout, except for deck house, just abaft turret II, which 
contains the captain’s quarters. Aft of the deck house is the 
foremast, smoke pipe and stowage of boats. 
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Main Deck.—The main deck is a weather deck abaft the 
break in upper deck. Beginning forward are located the 
wardroom quarters, part of the 5-inch battery, galleys, bakery, 
butcher shop, etc. On the weather portion of the deck are 
stowage of boats, aftermast, two deck winches, turrets HI 
and IV, and capstan aft. 

Gun Deck.—Fotrward are located the wardroom, junior and 
warrant officers’ quarters, abaft of which are crew’s quarters, 
firemen’s wash rooms, sick bay, offices, armory, post and print- 
ing offices, general mess condiment issuing room and pantry, 
amidship. Abreast of barbettes III and IV are chief petty 
officers’ and crew’s quarters, starboard and port, respectively, 
and crew’s quarters aft containing laundry space and electric 
capstan. Part of the 5-inch battery is located in the crew’s 
and chief petty officers’ quarters aft. 


COMPLEMENT. 


The ship’s complement will be approximately as follows : 


Commanding officer, : : aie: 
Wardroom officers, . : ; ‘ . 26 
Junior officers, . ; : ; , See 
Warrant officers, j é : : « 28 
Crew, j ; : ; ‘ . . 748 
Marines, . ; d ¢ : d . 61 


Total, . , j ; ; . 864 


BATTERY. 


The main battery comprises ten 14-inch guns, arranged in 
four turrets along the center line of the vessel. Turrets I and 
IV mount three guns each, and II and III two guns each. 
Turrets I and II are grouped forward on the upper deck; ‘the 
latter firing over the top of the former, and IV and III are 
similarly arranged on the main deck aft. 
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The secondary battery, of twenty-one 5-inch rapid-fire guns 
for torpedo defense, is divided starboard and port as follows: 
two on superstructure deck, twelve within inclosed .portion 
of main deck and seven on gun deck aft, one of the latter 
being on center line astern. 

The 5-inch battery is served by twenty-one electric-chain 
ammunition hoists, each driven by a 3-horsepower G. E. Co. 
motor. 

- The following smaller guns are also provided : 


4 3-pounder guns for saluting ; 
2 I-pounder guns for boats ; 

2 3-inch field pieces ; 

2 0.30-caliber machine guns. 


The torpedo equipment consists of four 6.8-meter by 21- 
inch submerged torpedo tubes. 


SMALL BOATS CARRIED. 


The following small boats constitute the ship’s regular 
allowance : 


2 50-foot steamers ; 

I 35-foot motor boat ; 

2 50-foot motor sailing launches ; 
2 40-foot motor sailing launches ; 
1 40-foot sailing launch ; 

1 31-foot racing cutter ; 

2 30-foot whale boats ; 

2 20-foot dinghies ; 

2 14-foot punts. 


- The 50-foot steamers are carried on the main deck, port and 
starboard, at break in upper deck, and the whale boats in 
davits at the ship’s side abreast turrets III and IV. All other 
boats are stowed on the upper deck, port and starboard, abreast 
of smoke pipe. 
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Two electrically-operated boat cranes are provided for 
handling all boats, except the whale boats. Each crane has 
two operating gears, one for turning and the other for hoist- 
ing, driven by G. E. motors of 60 and 50 horsepower, respect- 
ively. 

ANCHOR WINDLASS. 


An electric-driven windlass, designed by the Hyde Windlass 
Co., of Bath, Maine, is located on the upper deck forward, 
with driving gear below on the upper platform. 

The windlass is driven by two 150-horsepower G. E. motors, 
through worm gearing and shafting, and so arranged that the 
wildcats can be operated together or independently of each 
other. 

DECK WINCHES. 


Three deck winches are provided, one forward on the up- 
per deck, abaft of the windlass, and two aft of the main deck, 
port and starboard, abreast pump-room skylight. 

The winches are electric-driven, compound geared, and have 
a lifting capacity of 4,000 pounds at 200 feet per minute, or 
16,000 pounds at 50 feet per minute, each. They are of the 
Hyde type, each driven by a 35-horsepower G. E. motor. 


CAPSTAN. 


A Hyde electric-driven capstan is located on the main deck, 
center line, abaft turret IV, with driving motor below on the 
gun deck. It is compound geared and driven by a 40-horse- 
power G. E. motor. — 


LAUNDRY. 


The laundry is located on the gun deck aft, starboard side. 
It is equipped to wash for about 100 men and is provided with 
the following machinery, each machine driven by an inde- 
pendent motor : 
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Type machine. Type and H.P. of motor. 
Washer, . : . ‘ . ‘ ‘ Diehl, 13 
Extractor, . : , . , ‘ Diehl, 14 


Combination ironer, . d : ; ‘ Diehl, 
Band ironer,  . . ‘ , : ; Diehl, 
Reverse body ironer, . i , , ‘ Diehl, 
Washtubs ; 

Soap tank, go gallons ; 

Starch kettle, 10 gallons ; 

Steam-heated bosom press ; 

Ironing table ; 

Drying room (conveyor type). 


a eH He HH & DN SH HS HH HH 


GALLEY OUTFIT. 


Officers’ Galley.—The officers’ galley is equipped with oil- 
burning range of four sections. 


Crew’s Galley.—In the crew’s galley are installed the fol- 


lowing : 
1 oil-burning range of eight sections ; 
4 steam-jacketed copper kettles (80 gallons each) ; 
2 steam-jacketed copper kettles (60 gallons each) ; 
2 coffee urns, 100 gallons each ; 
1 electrically-driven meat grinder ; 
1 electrically-driven egg beater and cake mixer combined ; 
1 mechanically-driven meat slicer ; 
I five-section warming oven. 
Bakery.—The following equipment is installed in the 
bakery : 
2 No. 1 U. S. Navy standard, electric bake ovens ; 
I steam box; : 
3 portable dough troughs ; 
1 electrically-driven dough-mixing machine. 
Miscellaneous equipment located as noted : 
t electrically-driven potato peeler, in potato-peeler room ; 
1 electrically-driven dish washer, capacity 6,000 pieces per 
hour, in general mess pantry ; 
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r electric butter slicer, in general mess issuing room ; 
1 bread slicer, in bread room ; 

1 20-gallon coffee urn, in evaporator room ; 

I ice cream freezer. 


FIRE MAIN. 


The fire main is supplied by seven fire and bilge pumps, 
located in the pump rooms and firerooms, 

The main is entirely below the protective deck and extends 
throughout the machinery spaces, close under the berth deck, 
in two 6-inch lines, port and starboard. It is cross-connected 
at the forward and after ends of the pump rooms and in the 
forward fireroom, and supplied by two 6inch risers from the 
four main fire and bilge pumps, and three 5-inch risers from 
fireroom fire and bilge pumps, with cutout valves at the main. 
From the forward and after cross-connections, 6-inch branches 
extend in single line forward and aft of the machinery space, 
at the lower platform level, reducing in size at extreme ends 
to 44 and 5 inches, respectively. 

On the gun deck aft there is a 5-inch connection to the in- 
dependent sanitary system for the crew’s water closets and 
washroom. ‘There is a stop valve where it joins the latter. 

There are 5-inch connections to the sanitary system in the 


port engine room, and a 5-inch by-pass to same in the forward 
fireroom and on gun deck aft. 


SANITARY SYSTEM. 


The sanitary main is 5 inches in diameter, and is supplied 
by five 5-inch risers from the fire and bilge pumps, a §-inch 
connection from the fire main in the port engine room, and 


two 5-inch by-passes, one forward and one aft, from the fire 
main. 


The main extends in single line, port side, through the 
machinery space, rising forward and aft of same to the berth 
deck space, where it leads forward and aft close under the gun 
deck. Well aft it rises to the gun deck, where it joins the 
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crew’s independent flushing system, with stop valve at junc- 
tion. 

Branches, as required, are led to the chief petty officers’ 
washroom and water closets, sick bay, bath, laundry, general 
mess pantry, galleys, bakery, firemen’s washrooms,: junior, 
warrant and wardroom officers’ lavatories and water closets, 
etc. 

Aft there is an independent system for the exclusive use 
of the crew’s washroom and water closets. This system is 
supplied by two motor-driven, direct-connected, centrifugal 
pumps, of about 500 gallons per minute capacity each. The 
main is 5 inches in diameter, with the necessary branches to 
the plumbing fixtures. 


FRESH-WATER SYSTEM. 
The following fresh-water tanks are provided : 


Between 
Compartment or tank, Location. frames. Gallons. 
16,065 
Hold, starboard..... 20-23 16,146 
Mess attendants’ washroom supply Gun deck, starb'd.. 95-96 100 
tank. 


Chief petty officers’ washroom sup- Gun deck, starb’d.. 115+116 150 
ply tank, 

Firemen’s washroom supply tank... Main deck, port..... 64-65 250 

Main deck, stb’d... 64-65 250 

Berth deck, port.... 121-122 125 

Berth deck, stb’d... 48-49 125 

Gun deck, stb’d..... 123-124 200 


The hold tanks have two 23-inch filling connections from 
the ship’s sides forward, and also a 23-inch connection from 
the distiller main. From these tanks water is pumped through 
the fresh-water main by means of two direct-connected electric 
centrifugal pumps of 200 gallons capacity per minute each, 
driven by G. E. Co. motors of 12 horsepower each. Branches 
are led as required, from the main to the various lavatories, 
pantries, etc., and the small gravity tanks enumerated above. 
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REFRIGERATING PLANT. 


The ice-machine room is on the lower platform, port side, 
between the engine and firerooms. The plant consists of two 
3-ton horizontal, steam-driven Allen dense-air ice machines 
of the Navy type, fitted with recoolers, two 9-can Bureau 
standard ice-making boxes and thecold-storage rooms, located 
on the berth deck above the ice-machine room. The cold- 
storage rooms are divided into four compartments for meat, 
butter, crew and officers, the crew’s room serving also as vesti- 
bule. The rooms are fitted with 1-inch galvanized-iron pipe 
coils, through which the cooling agent circulates. The sup- 
ply and return air mains are of copper, 3 inches diameter, 
from which branches are taken through suitable valves or 
manifolds to the cold-storage rooms, ice tanks and scuttle butt 
brine-cooling tank, the scuttle butts being brine cooled. 


RESERVE FEED TANKS AND CONNECTIONS. 


Double-bottom compartments B-92 to B-95, inclusive, are 
fitted up as reserve feed tanks, 

The tanks are filled through a 33-inch pipe fitted with two 
24-inch hose connectigns at the ship’s sides, and connected to 
the combined filling and suction manifold in fireroom No. 2. 

There is also a 23-inch filling pipe from the distiller fresh- 
water main, which is led to the same manifold. From the 
manifold 23-inch combined filling and suction pipes are led 
to the bottom of each tank. 

There isa 2}-inch connection between the manifold and the 
auxiliary-feed suction main, that the auxiliary-feed pumps 
may draw from the tanks; and the auxiliary-feed pump in 
fireroom No. 2 is arranged to draw direct from any tank 
and discharge to any other tank. The main feed pumps have 
a 24-inch independent suction from the manifold, for taking 
water direct from any tank, and the usual #-inch make-up 
feed connection to the main condensers is provided. — 
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VENTILATING SYSTEM. 


Artificial ventilation is provided where necessary for all 
quarters, living spaces, passages, storerooms, magazines, en- 
gine rooms, dynamo rooms, evaporator room, etc. ‘There are 
fifty-five ventilating fans and motors, each on its own circuit, 
In general air is supplied on the plenum system to the different 
compartments requiring ventilation. The toilet spaces and 
engine rooms are also provided with the exhaust system. The 
ventilating fans were made by the B. F. Sturtevant Co., Bos- 
ton, Mass., and the motors by the G. E. Co, 

Heater boxes are fitted in the ventilating ducts to all quar- 
ters below the main deck, crew’s space, etc., for heating the 
incoming air in cold weather; no other heating apparatus 
being provided for these spaces. 


HEATING SYSTEM. 


All staterooms and quarters below the upper deck, crew’s 
space, etc., are heated by the thermo-tank ventilating system ; 
heater boxes provided with suitable steam coils being placed 
in the air duct for heating the air supplied to these compart- 
ments. ‘The remaining portions of the vessel, except the tur- 
rets, which are provided with electric heaters, are heated by 
the customary pipe-coil steam radiators. 

The heating system is divided into two main sections, one 
forward and one aft. ‘The former takes steam from the main 
steam cross connection in fireroom No. 1, and the latter from 
the auxiliary steam loop in the pump rooms. Stop and re- 
ducing valves are fitted at the branches from the main and 
auxiliary steam pipes. The plant is further subdivided into 
fourteen circuits, as listed in Table I. 


MAIN ENGINES. 


There are two main engines designed to develop collectively 
24,800 indicated horsepower when making 125 revolutions 
per minute. They are placed abreast in two separate water- 
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TABLE I 





Drain Circuit supplies. 
to 





Radiatore to |Radiators in Captain's quarters. 
trap in en- Thermo-tanks, gun deck frame #55 
ine room. and berth deck frame #57, ster- 
ermo-tanks board 
Forward to traps at Thermo-tank, gun deck, frames 
heating each thermo- |#54-57, port. 
systen tank. Treps |Thermo-tank, gun deck, frames 
manifold. |dischargin, i72-73, port. 
to feed Thermo-tank, gun deck, frames 
filter tanks |#72-73, starboard. 

. tank, main deck, frame 
sers. 60, center line. : 
lley, bak- |Officers’ and crew's galley and 
ery, pantries |bakery. Crew's W.C. midship. 
and radiators |Water heaters in firemen's wash 
‘to traps in rooms. 
engine room Captain's bath heater and pantry. 
pissherging Warrant officer's bath and pantry. 
to feed Wardroom and junior officer's 


filter tanks pantriss. 
land conden- Water heaters and radiatore in 
isers. Water j|junior and wardroom officers’ 


heaters to quarters. Executive officers and 
lauxiliary ex- |spare bath, and water heater in 
ins t. orward battle dreesin a 
ermo-tanks rmo-tank, berth deck, frames 
to traps at f128-130, starboard. 
each thermo- | Thermo-tanks, gnn deck, frames 
tank. Redie- |#106-107, port, and #11i7-118, 
tors, pantries| starboard. 2 
and laundry to|General meses pantry, mess atten- 
After traps in en- |dante wash room, sick bay and 
heating leine room, bath, operating room, dispensary 
systen Traps dis- a ons examin ro 
manifold. jcharging to Chief petty officers mess an 
feed and fil- |wash rooms, laundry, crew's W.C. 
ter tanks and jand wash room, blow-out and san- 
condensers. itation connections, and water 
Water heaters {heater in after battle.dressing 
to auxiliary | station. 
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ter heat- Do. 
er circuit ‘ 

















tight compartments with pump rooms between, as shown in 
Plate I. 

The engines are of the vertical, inverted-cylinder, direct- 
acting, four-cylinder, triple-expansion type, turning outboard 
when going ahead. ‘The order of the cylinders, beginning 
forward, is forward low-pressure, high-pressure, intermediate- 
pressure and after low-pressure. All crank angles are go de- 
grees, the sequence of cranks being high-pressure, inter- 


mediate-pressure, forward low-pressure, and after low-pres- 
sure. 
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Bedplates.—The bedplates are of cast steel, in three sec- 
tions each, bolted together and supported on keelson plates. 
Proper seatings and facings are provided for the main bear- 
ings, columns, etc. 

Matn Bearings.—The main bearings consist of a lower brass 
and cast-steel cap, each lined with white metal and cored for 
the circulation of cooling water. 

Framing.—The engine frames are of the usual Navy type 
forged-steel columns, bolted to the bedplate and cylinders, 
and braced by suitable diagonal, cross and longitudinal stays. 

Cylinders.—The cylinders and valve chests are of cast iron, 
fitted with working liners of close-grained cast iron as hard 
as can be properly worked. All cylinders, except the high- 
pressure, are steam jacketed around the working liners and 
at both ends. 

Pistons.—All pistons are of conical design, those for the 
high-pressure cylinders being of cast iron, all others are of 
cast steel. The high-pressure followers are of cast iron, and 
those for the intermediate and low-pressure pistons are forged 
steel. The high and intermediate-pressure pistons have one 
solid packing ring each, those for the latter being cut at one 
point and bound solid with a tongue piece, and each low- 
pressure piston one ring, cut obliquely into three sections and 
fitted with tongue pieces at each cut, which permit slight 
movement. The intermediate and low-pressure packing rings 
are floated by springs. There are no springs for the high- 
pressure rings, which fit the pistons snugly. All packing 
rings are cast iron. 

Piston Rods.—Each piston rod is tapered to fit its piston 
and secured by a locked nut. The lower end is fitted’ to a 
forged-steel crosshead, to which is bolted a cast-steel slipper, 
white-metal lined. The piston rods are of forged steel. 

Crosshead Gutdes.—The go-ahead guides are of cast. iron, 
hollowed for the circulation of cooling water. The backing 
guides are of cast steel and securely bolted to flanges on the 
go-ahead guides. The guides are supported by bolting to 
facings on the cylinders at the upper end, and to a cast-steel 
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girder of “I” section at the lower end; the girder being 
secured to the inboard engine columns. 

Connecting Rods.—The connecting rods are of forged steel, 
forked at the top to span the crosshead and carrying the cross- 
head brasses, and “’T’’ headed at the bottom to receive the 
' crank-pin brasses. 

Valve Gear.—The engines are equipped with the Stephen- 
son double-bar link valve gear, fitted with Lovekin assistant 
cylinders. Piston valves are used throughout; there being 
one for each high-pressure and two for each intermediate and 
low-pressure cylinders. 

Reversing Gear.—Each main engine is provided with a re- 
vetsing engine of the vertical, direct-acting type, bolted to the 
high-pressure cylinder and connected through connecting rods 
to the reversing-shaft arms; the shaft, in turn, connecting to 
the main links by arms and suspension rods. Each reversing 
engine has a steam cylinder 16 inches in diameter by 22? inches 
stroke, and an 8-inch oil-controlling cylinder of same stroke, 
for taking up shock and for hand operation, a small hand 
pump being provided for the latter purpose. The gear is con- 
trolled by a floating lever operated at the working platform. 

Turning Gear.—A 15-horsepower General Electric Co.’s : 
motor is provided to operate the turning gear of each main 
engine. ‘The motors are reversible and drive by worm gear- 
ing a second worm, which may be made at will to mesh with 
a worm wheel fitted on the crank shaft. 

Each turning gear is also fitted for turning by hand. 

Lubricating Gear.—All working and moving parts of the 
main engines, except the valve links and valve-stem guides, 
which are efficiently lubricated by combination sight and 
wick-feed oil-distributing boxes, located on the main cylinders, 
are lubricated by the forced-lubrication system, described else- 
where. ‘The crosshead guides are provided with both gravity 
and forced lubrication. 

Water Service.—Water service is provided for each main 
engine from the discharge pipe of the main circulating pump. 
This pipe has suitable branches to the various parts of the 
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main engine, thrust and spring bearings; the discharge being 
returned to the suction side of the same pump. 

Working Platform.—The floors on the inboard side of each 
main engine, opposite the high and intermediate-pressure 
cylinders, are arranged to serve as working platforms. 

Lifting Gear.—Efficient hand-operated lifting gear is pro- 
vided for handling parts of the machinery for overhauling 
and repairing. 

Main Engine Data. 


Working pressure at H.P. chest, pounds gage. 

Revolutions per minute, designed 

Indicated horsepower, total designed 

Diameter of H, P. cylinder, inches .....scoo.sscceserecseresescesseredersceerss 
I.P. cylinder, inches. 
L.P. cylinders (2) inches 

Stroke, inches 

Ratio, 1.P. to, HP. sccovcces.csvecccbsrssseccscaccoceses sve faampoopyppchect daedencas 








DBs WO Pick cassnpsdie ci cee csdcchesdeceteasadacasdoapaseysdecscussensnassasaoton 
Be LO seivikccccsvyndeccnacenss Uiscasecuctebduperuouypwoibaraeictenceces 


Total expansions 


9-93 
3-50 


12.63 





Per. cent. of volume. Linear, inches. 





Bottom. 
9.536 
12.499 
12.572 
11.863 
9.360 
12.261 
11.178 
11.438 


calinden clearances $ Top. Bottom. 


serpethatetheen g 














Valves and valve settings : 
Number and type of valves..... 
Diameter of valves, inches..... 


I.P. 
2 piston. 


20¢ top. 23 top. 
20}, bottom.) 22}$ bottom. 
10 


L.P. (each). 
2 piston. 


oF t . 
s0r% bottom. 
12 
Outside. 
Top. | Bot. 
4 
ati 
3 
Pa 
I 


58.5, 


I piston. 


Travel of valves, inches 
Inside or outside steam Outside. 
Bot. 
3% 4 
3 2% 


Inside. 
Top. | Bot. 
Width of port, inches..... 34 3% 
Steam opening, linear, inches.) 2}} | 2% 
Exhaust opening, linear, ins.. 

Steam lap, inches........ cosceseses| IFS 1 
Exhaust lap, inch.......... eoseees - 
Steam lead, linear, inch if 
Cutoff, decimal of stroke........| 83.4 77 
mean... 80.2 


at , 
y 
.3 | 72.3 

76.3 
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Piston rods, diameter, outside, inches 


SOOO Oe Cee eee CORREO Es CORDES EES ee seeeEs sEEeeeene 


axial hole, inches............... 14 H.P. and I.P., 3% L.P. 
Connecting rods, diameter, crosshead end, inches 


Wa censeactndagagnansovioutedeums 07% 
Crank end, inches............cccsccseccssscsceeceseeees 
axial hole, inches....... 14 H.P. and I.P., 3% L.P. 
length between centers, inches........ .ss.sssreer coeoeessenes 96 
CUMIN SHIA os dgcanssdas wendy Satots saghepwedssouasdsedunseescontbess 4 
Diameter of throttle valve, inches ..........secessseessessssecssesesecsserscenees senese 13 
Ist receiver pipes (2), iNCHES...........ccsccessssecssseeetecsces seoes 14 
2d receiver pipe (2), inCheS........-.sesccsssoeseecessessevecsencssesees 23 
main exhaust pipes (2), inches .....:......ss0cercecserssesesseeeeener 304 


live-steam pipe to I.P. receiver, inches 


Se Oe ee ee eerereses sevseseeces 


SHAFTING AND BEARINGS. 


There are two lines of shafting, each consisting of a crank 
shaft in two sections, a thrust shaft, two pieces of line shaft- 
ing, one forward and the other astern of the thrust shaft, a 
stern-tube shaft and a propeller shaft, all supported by suit- 
able bearings. 

Crank Shafts.—The crank shafts are solid-forged hollow 
shafts, in two sections each, bolted together by disc couplings, 
and carried in seven main bearings. ‘The forward section in- 
cludes the H.P. and F.L.P. cranks, which are opposite, as 
are also the I.P. and A.L.P., on the after section. All crank 
angles are ninety degrees, the two sections being connected 
with the H.P. crank leading, followed by the I.P. crank. 

Thrust Shafis.—The thrust shafts are fitted to the usual 
thrust bearings of the adjustable horse-shoe type, with steady 
bearings at each end for supporting the shafts. The shafts 
are hollow with thrust collars and coupling discs forged in- 
tegral with the shafts. 

Line Shafts.—These shafts are hollow forged, with disc 
couplings at either end, and each is carried by one steady 
bearing. 

Stern-Tube Shafts.—The stern-tube shafts are covered with 
a composition casing within the stern tubes and at bearings. 
They are hollow forged, secured to the line shafts at inboard 
end by special disc couplings, and to the propeller shafts at out- 
board end by sleeve couplings. Each stern tube is provided 
with three lignum vitae lined bearings. 
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Propeller Shafts.—Each propeller shaft is carried by two 
lignum vitae lined bearings, fitted to the forward and after 
struts. The shafts are hollow forged, taper turned at after 


end to suit the propeller hub, and composition bushed at the 
bearings. 


Inboard Coupling.—The inboard coupling consists of a 
collar secured to the stern-tube shaft by four keys. Two ring 
segments are inserted through a cross slot in the forward end 
of the collar and fit a groove turned in the end of the shaft, 
preventing its backing out. Collar and segments are 
through bolted to the line-shaft coupling disc. 


Outboard Coupling.—The outboard coupling is of the solid- 


sleeve type, taper bored for reception of shafts, and secured to 
each shaft by two feather keys and one cross key. 


Shaft Data. 


Crank shafts, length, forward section, feet and inches........ bodedsal Wee 
after section, feet and inches 
diameter, inches 
axial hole, forward section, inches 


after section, inches 
number of cranks........ dabintasins eddieccdpbedddés Mecsamntdiebess 
throw of cranks, inches .........c.sscceceees UR A destneahxsatis 
Crank angles, degrees .....s0c0.cccccsssssscesseersreeecceeeesssceees 
Crank pins, length, inches 
diameter, inches .....0..........ccececcsescesscesccnseeeseees Reaeitecbies 
axial hole, inches, 
F.L.P. 10g, H.P. 114, I.P. 8, A.L.P. 8 
webs, width, inches 21 
thickness, inches.........F.L.P. 9%, H.P. 108, I1.P. 11, A.L.P. 11% 
Forward line shafts, length, feet and inches 
diameter, inches............scccscsessscess Reansect SM spend ai 
axial hole, inches 
Thrust shafts, length, feet and inches...............csccssessessesseeeeees 
diameter, inches 
at bearings, inches 
axial hole, inches 
collars, number 
thickness, inches 
space between, inches 
outside diameter, inches........... .......ccsseeeeees e 
inside diameter, inches .....,............cesecceee 
bearing surface, square inches, ahead 


17% 


27% 
eeveee 17% 


4,181.06 
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After line shafts, length, feet and inches ..,;..,.......+ gidenashipes 
~ Giameter, inches ....ercc0..cssesseseseesees 
axial hole, itiches.................ecceeee iivea 
Stern-tube shafts, length, feet and inches.../....0..6......cccdecccecsscceeceees 
Giameter, inches,,.....ieereccscgecesseeeesereees sides derpppeoe 174 
axial hole, inches............ avseubaassbtes oizaal 
Propeller shafts, length, feet and inches 
diameter, inches.......:..:. Sasdee cece SaaS Node cosdecavens 
axial ee inches..,..,.00s.-. 
Coupling dises, diameter, inches... RP ESE EE OR Eee een 
thickness, inches..............00006- Sense Shapeinncsudacs ens pacuaees 
Inboard coupHng, diameter of collar outside, inches.....:..:..... sabestecs 
inside, inches...............+ piiebis 
length of collar, inches..,... etd ysedocgdegs 
thickness of segments (inshear), inches paabtbeaecia ov 
Coupling bolts, number’ each coupling .......0...ccsccseccsssesseccecesssscerees 
diameter (taper) at face of coupling, inches.. 
Outboard couplings, length of sleeve, inches fosiade 
diameter of sleeve, inches.............+0 dssbadesies he 


eongvcceeee 17-048 





Bearing Data. 
Main bearings (white-metal lined) ; 
Number each engine ...+s.s-cseceers 


p eeeaeesenes speeseseecesceresccsesescoess 7 


Diameter, inches...,........ NR eD Bp ve Te peniles shi respbenegepiign coos seeee 18} 


Length, inches.....csss..cocorseee «two of 13%, four of 213, and one of 26} 

Thrust bearings (white-metal lined bearings and shoes) : 

Steady bearings, number CACD.....scrrsersrereressssreeeceececesersereteoreeseees 2 
Piameter, inches... .svrasreceis-onseccyesp> dcr venpsepwel ccecccecce 17% 
length, inches............ 

Thrust shoes, number each ee peados een 14 

effective surface, square inches, ahead........cccers- sees, 2,660 


» 2,470 


dopey yepedes se0y henna eub tp ger eccie cuseee 18 


Line-shaft bearings (white-metal lined) : 
Number each engine 
Diameter, inches........+.ssse+00 
Length, inches 
Stern-tube bearings (lignum vitae lined) ; 
Number each engine 
Forward bearing, diameter, inches ...,,......05++4 
length, inches.........ss000 
Middle bearing, diameter, inches....,........, engpboas saves seaesessisacenti osoae 
length, inches .......,....cereserese sakes ascaine 
After bearings, diameter, inches ............ s+. iL ainbivele oashid tight actae ibid. 
length, inches ...........ssseceseresene 
Strut bearings (lignum vitae lined) : 
Number each engine.......-:.scssrosee rocecerescesees 
Forward bearing, diameter, inches...........csssse-ee 
length, inches..,.........sssesse sesopense 
After bearing, diameter, inches......... bik; is dahcedsepenascsd ba stegdenlessansats 
length, inches............sccccesssseresseeees guddeviasies seccsmpaney 


Ae peccccess soceesecesesess 
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PROPELLERS, 


There are two three-bladed’ propellers of the adjustable- 
pitch, ‘detached-blade type. They are of manganese-bronze 
and the‘blades are secured to'the hubs by nine 3} tap bolts 
each. ‘The blades are machined true to pitch and the ‘hubs 


have a taper fit on the shafts, and ‘are secured by a key and 
nut. : 


Propeller Data: 


Diameter of propeller, feet and inches 
hub, feet and inches 
Pitch as set, feet and inches starboard 19-54; port 19-054 
adjustable from, feet and inches ,- 18-5¢ to 20-054 
Ratio of diameter to pitch starboard 1.065, port 1.0604 
Area, projected, square feet ...... FESH RES SEAT ACD EAE SESSSELN OBIS ONS >) 38m aod tt 
helicoidal, square feet.............00 $v escanascsscdosyene <9 Lacavtghine » sheerr] 
disc, square feet ......00...ssscserserees Pei sanepsgeacicenapatididhessaneoasbhigs 
Ratio, projected to disc area 
helicoidal to disc:area 
Heighth of lower tip of blade above keel, inches... ..06.....csssceceess Pee 
Immersion of upper tip of blade, feet and inches 


MAIN CONDENSING APPARATUS. 


Main Condensers,—There are four. main condensers, one 
for each low-pressure cylinder, with tubes rolled into the tube 
sheet at one end and gland packed ‘at the other. The two 
forward condensers also serve the after dynamo plant, which 


has no independent condenser. The principal dimensions 
follow : 


Forward After 


condensers. condensers. 
Inside diameter, feet and inches 7-08 


Thickness.of shell (steel), inch .......,.,...:sssee-ersssecsceodes 00} oof 
Length between tube sheets, feet and inches 7-06 . 
Thickness of tube sheets, inches olt 
5,060 
diameter, outside, inch.........5..... Spcteiinigteipudincibih Za oof 
thickness, inch ............06 eaderenesass sikagicankgverseness ; 0.065 
Cooling surface, square feet 6,208 
Diameter of main exhaust nozzles, tiles 
dynamo exhaust nozzle, inches 
air-pump suction, wet, inches 
dry, inches 
auxiliary exhaust nozzle, inches 
circulating-water inlet and outlet, inches.. 
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Pumps.—The main air and circulating pa and their 
connections are described in Table II. 

Feed and Filter Tank.—A feed and filter tank of 4,700 
gallons capacity is located in each pump room. The filter 
chamber is in the top of the tank and has a capacity of about 
800 gallons. The filter hasan inner bottom of loose perforated 
plates and is divided into three compartments, in which is 
placed the filtering material, by vertical division plates. 
These partitions are so arranged that the water in passing 
through the filter will flow under and over in succession, thus 
assuring the filtering material being always submerged. 

Each tank is provided with the following connections : 

2 84-inch main air-pump discharges ; 

I 21-inch stand pipe; 

I 114-inch cross connection between stand pipes ; 

I 10-inch auxiliary-feed suction main from cross connection ; 
2 54-inch main-feed suctions from cross connection ; 

1 8-inch overflow ; 


3- and 2-inch vapor pipes (combined into one 3-inch pipe). 
PUMP-ROOM AUXILIARIES. 


Pumps.—A description of all pumps and their connections 
is given in Table II. 

Feed-Water Heaters.—Two Schutte-Koerting, spirally- 
corrugated, film-feed water heaters are provided—one in each 
pump room. ‘They have 277.38 square feet of heating surface 
each, and are connected to the main feed discharge lines only. 
The heating agent is the exhaust steam, a back pressure being 
kept in the auxiliary exhaust line for this purpose by means 
of a spring-relief valve at each connection to the forward main 
condensers, opening toward the condenser. 


FORCED—LUBRICATION SYSTEM. 


All working and moving parts of the main engines, except 
the valve links and valve-stem guides, are fitted with forced 
lubrication. 





TABLET - PUMPS AWD CONNECTIONS -U.S. 5. OWL AHOMA 


Ud ibunadl TO | LOCATION 


VERTICAL TANK 


A 
® 7°Wer Ano 7$ DRY SUCTIONS FROM CONDENSERS COMBINE INTO ONE 10° PIPE. 
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The installation is divided into two complete atid independ- 
ent systems, statboard and port, ctoss connections being pro- 
vided, however, between the systeins for emergencies. Each | 
system comprises three puttips (see Table II), two 500-gallon 
oil-storage tanks, one 500-gallon oil-supply tank and one 500- 
gallon oil-settling tank, together with the necessary piping 
and fittings. 

The crank pits are of oiltight construction, fitted with an 
oil-drain well; and forming an oil trough at the base of each 
engine tocatch all the oil. The entire engine is incased with 
a light galvanized sheet-steel casing, to prevent splashing and 
waste of oil, which is carried up to within about eighteen 
inches of the bottoms of the cylinders. — 

The plant functions as follows: one pttmp draws the oil 
from the supply tank and discharges same to thé main engine, 
thrust-bearing and main circulating-pump engines on its side of 
the ship. The oil enters the main engine circuits at the main 
bearings through holes in the caps. _ An annular groove in. 
the center of each main bearing provides for the proper dis- 
tribution of the oil, part of. which lubricates the bearings, the 
balance passing through a radial hole in-each journal, in wake 
of the groove to the crank-shaft axial holes, the openings at 
ends of each axial hole being closed by oiltight cover plates. 
From the axial holes the oil is forced through radial holes to 
the eccentric straps and crank-pin axial holes, and through 
similar radial holes to the surface of the crank pins. The 
crank-pin beatings dre grooved like the main bearings, all oil 
not used for crank-pin lubrication passing up through the 
coniecting rods, to the crosshead bearings and guides. After 
..performing.its function the oil escapes at the ends. of all bear- 
ings and drains to the crank pit, where it collects.in the drain 
“well and is pumped by a second pump, through. oil filters, to 
» the main supply tank, thus completing its cycle, :which is in- 
definitely repeated as described. The third pump performs 
auxiliary duties. Sits 

Pressure gages and thermometers are provided at each main 
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BOILERS. 
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There are twelve Babcock & Wilcox water-tube boilers, 
arranged in three separate watertight compartments, as shown 


in Plate II. 
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The boilers have a. total heating surface of 48,000 square 
feet and are designed to operate the entire machinery plant at 
full power, with an average air pressure in the ash pits of not 
more than six inches of water. ‘They are equipped for burn- 
ing fuel oil. 

Uptakes of the usual design are provided, all uniting into 
a common smoke pipe at the main deck. The smoke pipe is 
of eliptical section, 13 feet 9 inches by 9 feet 9 inches inside 
dimensions, and 94 feet 4 inches high above the fireroom 
floors. 

Botler Data. 
Number.......... Gio scans Tocssecacateccubestathnceshage acters rbevscdsccssttesched ee © 
Pressure, working, pounds per square inch 295 
test, pounds per square inch..........0+......se+0+.450 water, 350 steam. 

Height to top, external, feet and inches 
Length on floor, feet and inches 
Width on floor, feet and inches 
Drum, diameter, inside, inches 

length, feet and inches 

thickness, inch.............cscescseceseeeees TNergithtpssecenactacesscde 
Number of tube headers, each boiler 

2-inch tubes, 134 mils. thick, each boiler........ paces oid 
4-inch tubes, 165 mils. thick, each boiler 

Distance between headers, feet and inches...........s000..sssesssseees ‘ 
Number of furnaces, each boiler 
Furnace volume, each boiler, cubic feet...........-...ceccessesceres deni 
Heating surface, each boiler, square feet 
Area through smoke pipe, square feet 
Heating surface 
Peon sola solume Pico onccineaecte Geist beige sp Alb devas she cane’ 

Area through smoke pipe 
Furnace volume 
Kind of forced draft......... .cscccsseceeere BIG»... dhoooses fleseBiscass Closed firerooms. 

Oil burners, number each boiler............ ......: Rapeessesaiesnety wocccees 12 
BVER . sisscnscisees sikeceds cds Schutte-Koerting mechanically atomized. 
Diameter of main steam stop valve, inches..............s000sesssecceees 06 
main and auxiliary feed, stop and check valves 
(one of each), inches 024 
surface-blow valves, inches................c00+. shea y oIt 
bottom-blow valves (two), inches................ oe oI 
safety valve, triple, inches...............+ Peete sess tga Sn 04 





Bodie dpadsdgsscsences eidcdecdeccedl é 0.01915 


FUEL-—OIL SYSTEM. 


The fuel oil is handled in the following manner: 5-inch 
suction pipes are led from the oil-storage tanks to manifolds 
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in firerooms Nos. 1 and 3. In each of these firerooms are 
located two light-service booster pumps, having 5-inch suction 
connections to the manifolds, and 5-inch discharge, through 
strainers, to the fuel-oil main, which is 5 inches in diameter, 
and extends through the firerooms, in continuous loop, the 
necessary cutout valves being fitted for isolating any portion 
of the main not in use. There are two heavy-pressure duplex 
pumps in each fireroom, which have 3-inch suctions from the 
fuel-oil main, and 1}-inch discharges, through heaters and 
filters, to the burner-supply pipes on the boiler fronts. 

In addition to the connections noted above the booster 
pumps are arranged to discharge to any storage tank and 
overboard at the vessel’s side, for transferring oil to another 
vessel in emergency. Alsoa 14-inch discharge to deck in the 
vicinity of the boat cradles for fueling the launches and motor 
boats. 

There are four Schutte-Koerting corrugated film oil heaters 
in each fireroom, of 11.08 square feet heating surface each, 
live steam being the heating agent. The heaters are arranged 
in pairs for each service pump. Each pair is connected in 
parallel and so arranged that both or only one may be used. 

The burners, twelve per boiler, are carried in two rows on 
the boiler fronts, with stop cocks at each burner for individual 
control. They are of the standard Schutte-Koerting mechani- 
cally atomized type. The burner-supply pipe to each boiler 
is fitted with a cutout valve, —— with emergeticy ope- 
rating gear from the deck. 

Automatic stop valves are also fitted in each service-pump 
discharge, at pump, and in each branch pipe to boiler fronts. 

Steam coils are fitted near the ends of suction pipes in all 
tanks. Thereare high and low suctions in all tanks, except the 
three double-bottom tanks forward and the two double-bottom 
tanks between the engine and feeroonns which have but one 
suction to bottom of tank. 

For raising steam with no air pressure available a 1}-inch 
by 34-inch triplex hand pump is fitted in each fireroom, 


capable of supplying oil at 200 pounds pressure to two 
burners. 
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The characteristics of the fuel-oil pumps and connections 
are given in Table II. 


PNEUMERCATOR SYSTEM. 


For ascertaining at any time the amount of fuel oil in the 
various double-bottom tanks, the Parks pneumercator system 
is installed. 

The installation consists of a small semi-spherical balance 
chamber placed at a predetermined location near the bottom of 
each tank. The interior of the balance chamber is in com- 
munication with the tank, through a hole in the side of the 
chamber, and a small pipe connects the top of the chamber 
with its recording instrument in the engine rooms and fire- 
rooms at the fuel-oil manifolds. The recording device con- 
sists of a glass mercurial tube provided with scale, calibrated 
to suit the tank to which it is connected. 

The instrument operates on the following principle. The 
pressure due to the head ‘of oil.in the tank compresses the air 
in the chamber and connecting pipe line, which in turn causes 
the. mercury to rise or fallin the tube in direct ratio to the 
pressure exerted. The tank contents is read off on the scale, 
as in the case of an ordinary. thermometer. 

In order to guard, against overflowing the tanks when tak- 
ing aboard fuel oil, an annunciator is installed in connection 
with the recording device for indicating and signalling when 
any tank is 95 per cent. full. 


FIREROOM AUXILIARIES. 


Forced-Draft Blowers.—Each fireroom has four forced-draft 
blowers. ‘They are located in specially constructed blower 
rooms just below the protective deck and above the working 
flat in front of the boilers. 

The fans are 29} inches outside diameter, Sturtevant mul- 
tivane, double-inlet type, each capable of delivering 15,000 
cubic feet of air per minute against a static pressure of 6 
inches of water, when running at 970 revolutions per minute: 
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The blowers are driven by direct-connected General Electric 
Company’s motors of 40 H.P. each, controlled from the fire- 
room working level. and the blower room at will. Air is 
supplied from the firerooin ventilators, which are closed at the 
bottom when under forced draft. 

Fireroom Hoist.—The port ventilator in the middle fireroom 
is fitted with a hoisting engine, the necessary guides, wire 
ropes, sheaves, etc.; being installed for the purpose. The 
engine is operated from the upper deck. It isa 44-inch x 44- 
inch, two-cylinder, reversible engine, made by the Hyde 
Windlass Co., and it is located in the fireroom hatch at the 
berth deck. 

Pumps.—The auxiliary feed pumps and fire and bilge 
pumps and their connections are described in Table II. 


MAIN STEAM. PIPING. 


The main steam piping is afranged in two symmetrical 
systems, one on each side of the vessel. The two lines are 
cross-connected in the forward and after firerooms by 8- and 
103-inch connections, respectively. The branches from the 
boilers are 6 inches in diameter each, and the lines proper are 
8 inches in the forward fireroom, increasing to 10} and 13 
inches at each successive’ boiler connection, the latter size 
continuing to the main engine’s throttle valves. The piping 
is séamless-drawn steel. © — 


The arrangement of the main steam piping is shown in 
Plates I and II. 


AUXILIARY STEAM PIPING, 


The auxiliary steam pipe is seamless-drawn steel. 

From the main steam cross connection in the after fireroom 
there are two 93-inch connections leading aft through the 
after dynamo room and pump rooms, with branches to dynamo 
turbines and auxiliary machinery. The pipe is reduced to 
74-inch diameter in the pump rooms, where it passes aft and 
through the centerline bulkhead forming a connecting loop 
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between the two lines. Stop valves are fitted at all bulkheads 
and at branch connections to auxiliaries. 

In the firerooms the auxiliary steam piping consists of 
branches from the main steam piping with sub-branches to 
the various auxiliaries. 

The forward dynamos and windlass take their steam off 
the main steam cross-connection in the forward fireroom. 


Stop valves are fitted in all branches and sub-branches as 
required. 


AUXILIARY EXHAUST PIPING. 


An 8-inch copper auxiliary exhaust pipe is led throughout 
the machinery spaces with branches elsewhere as required for 
the various auxiliaries. Connections are provided to direct 
the exhaust steam into either forward main condenser, either 
feed-water heater, or into the atmosphere through the after 
escape pipe at will. There are also connections for admitting 


the exhaust steam to the L.P. receivers. 
Stop valves are fitted in all branches at the main. 


ESCAPE PIPES. 


From each safety valve a 6-inch pipe is led to an 11-inch 
fore-and-aft line, on its side of the ship, between the firerooms. 
The two 11-inch lines have 14-inch vertical branches in mid- 
dle fireroom, leading through the deck and connecting to a 
19-inch escape pipe on the after side of the smoke pipe. 

In the middle fireroom there are two 8-inch branches, port 
and starboard, from the auxiliary exhaust to the escape pipe 
for atmospheric exhaust. A stop valve is fitted at each con- 
nection to the escape pipe. 

There is also a 10-inch atmospheric exhaust connection, 
fitted with automatic valve, from each dynamo turbine to the 
escapes pipes. 

All the above piping is copper. 
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MAIN AND AUXILIARY FEED SYSTEMS. 


Each main feed pump hasa 5$-inch independent suction 
from the main feed tank cross-connecting pipe. The pumps 
discharge via the feed-water heaters, or by-pass same if de- 
sired, to the boilers. The combined discharge from each pair 
of pumps is 6 inches, uniting in the after fireroom into an 
83-inch connection leading forward and diminishing in size 
as it advances to § inches in the forward fireroom. 

The auxilary-feed suction main is taken off the 11}-inch feed 
tank’s cross-connecting pipe. This main is 10 inches in diam- 
eter, reducing in size to 5$ inches, as it leads forward to the 
auxilary feed pumps, each pump having a 54-inch suction 
connection. The auxiliary feed pumps discharge direct to the 
boilers in their respective compartments, or into the main feed 
line to any boiler. The discharge connections are 5 inches 
in diameter at the pumps. 

All branch, main and auxiliary feed pipes to the boilers are 
24 inches in diameter. 

The feed piping is seamless-drawn copper. 


INTERIOR COMMUNICATION. 


The customary engine and fireroom telegraphs, gongs, 
telephones, voice tubes, etc., are fitted for transmitting orders 
and signaling to the various machinery compartments and 
other parts of the vessel. 


AIR-COMPRESSOR PLANTS. 


There are two Ingersoll-Rand turbo-air compressors placed 
in the compartment abreast of the forward dynamo room, 
starboard side. Each compressor has a capacity of 2,350 
cubic feet of free air per minute at 100 pene pressure when 
running at 6,000 r.p.m. 

In the middle fireroom are two 11-inch by 11-inch by 12- 
inch water-cooled. Westinghouse steam-driven reciprocating 
air compressors and air reservoir of 27,500 cubic inches capa- 
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city, for use in running pneumatic tools in the engineering 
department and blowing soot off the boiler tubes. Each 
compressor has a capacity of ‘about 45 cubic text of free air 
per minute at 150 pounds pressure. ; 

A ‘pneumatic main is led throughout the machinery space, 
with branches to the general workshop, evaporator and dynamo 
rooms, from which the conuections ‘for pneumatic tools: and 
blowing’ soot off boiler tubes are taken. 


EVAPORATING AND, DISTILLING APPARATUS, 


‘The evaporator room ‘is on the lower platform’ between ‘the 
engine and firetooms, starboard side. ‘There are four evapo- 
rators, two distillers, two feed-water heaters, and two, each, 
distiller circulating, evaporator feed, brine and fresh-water 
pumps, together with their accessories. The plant has a 
combined capacity of 25,000 gallons of water’ per 24 hours, 
and is arranged to operate in double effect!’ The pumps and 
their connections are given in Table IT. 


Evaporator Data (each). 
VIG coi bes ns ocoisugacesauseiaansd cone sascvanpacaieed Schutte-Koerting, vertical U-tubes. 


Diameter, inside, ee NaI aA ARN Tee ee AMER Moly 384 
Height over all, feet and inches 


eat Een de sabaahoad'sseuen see <kcnas cess Casenasaed 7-054 
NUM III os ae obgcs scecam seeen sigs nogndodps thaccnagnscoesess packesuanteppiatacnss 54 
diameter of pipe, inChes ........0......sscesesscccccesesecceccseesesceeeees oI} 
thickness of pipe, inch...J.0...0.....cceleee J akeddeebidesusecssttoodcavestse 0.083 
Heating surface, square feet. ...1..csso.secserss cons fooceddehoc (ih cibtid ‘seaseee 117.78 
Diameter of steam connection, inches.............sssesees sere Fig Shnovcpbnie 02 
VAPOr NOZZle, INCHES........sscsccrrecccesssssscssscecesecsseseeseees 07 


feed valve, inch 


AAO Oe OO ee COLES OOO SOOO OO er ee Ee eeeees seeeereeeeeeeeres 


POPE Oe OOS OEE ROLES EEE LESSEE SESS SOOEDE ESTE Es PORTE SOO E EEE DEES eee 


DOIAWI@CET, IMMIGE, BICMOS. <<. ccsnesees socccescocecoces scccansees soceccascctesasesacee 
Length, over all, feet and inches 


FOR Oe OOO ORO OES ree eeeseceeseseses BOSSES SSS EOSSOS es, 


diameter, inch 


eee ere re) 


thickness, inch 


Kas somata dissaasasbasdchevsecekos bacdu¥ naa sh<sdapGuamccsscbecer 00,049 

er SNR, CHINN DE os ons oases cadsccennttctcetassascsecaceesesesnsneseteses 200 

Diameter of circulating water inlet and outlet, inches..........0.0..06.; 05 
vapor inlet, inches......,....ccsepsceeccesnseedencencenenecnasseeecens 07 


drain, inches 


FOC OOR OOO Oe “COOORT Ss Cee eee eees FOOOOS HOSE EE EES EeeeeseeeeeD 
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Evaporator Feed-Water Heater Data (each). 


Tubes, number 
diameter, inside, inches 
thickness, inch 
Heating surface, square feet 
Diameter of feed inlet and outlet, inches 
vapor inlet and outlet, inches 


GENERAL WORKSHOP. 


The following machine tools, each: driven by its own elec- 
tric motor, are installed in the: machine shop on the berth 
deck, between the engine-room hatches, 

Make and 
Description. H.P. of motor. 
28-inch ‘by 48-inch swing, extension- 

gap lathe; E. Harrington and Sons 

Co., F ‘ . é ; . Reliance, 74 H.P. 
14-inch swing lathe; Prentice,. .. . Reliance, 2.H,P. 
14-inch swing lathe ;. Prentice, ;. . Reliance, 2. H,P. 
15-inch column shaper; Potter and 

Johnson, ’ : - . Reliance, 2 H.P. 
30-inch radial drill; Rand,. ; . Reliance; 2 H.P. 
36-inch sensitive drill; Willey, . . Reliance, 4 H.P. 
Universal milling machine; No. 1, 

Kempsmith, .. , : ; . Reliance, 2.H,P. 
Floor grinder ;, Willey, ... . ‘ . Reliance, 2.H,P. 
Portable. cylinder-boring machine; H. 

B. Underwood and Co., . : . Reliance, 2_H.P. 


BLACKSMITH SHOP, 


A blacksmith shop is provided on the berth deck, in the 
forward boiler hatch, It is equipped, with one portable and 
one permanent forge, together with anvil and all necessary 


tools and fittings. .The permanent forge is fitted with an 
electrically-driven blast fan, 
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FOUNDRY. 


A small foundry is installed on the berth deck, inside the 
after boiler hatch. Its outfit consists of a small oil-burning 
crucible furnace together with adequate allowance of crucibles 
and the necessary apparatus for handling and pouring the 


metal. 
PIPE AND COPPERSMITH SHOP. 


The pipe and coppersmiths’ equipment is located in the 
foundry space and consists of the following : 

r hand pipe-cutting and threading machine ; 

I tinner’s combined punch and shears ; 

I tinner’s slip roll ; 

1 beading machine; 

1 tinner’s cornice brake ; 

vises, work-benches, etc. 


ELECTRIC PLANT. 


There are two dynamo rooms, one just forward of the 
forward boiler room and the other just aft of the after boiler 
room. They are on the lower platform level. 

The distribution rooms, two in number, are located on the 
upper platform, one over each dynamo room. They contain 
the lighting, power and searchlight distribution boards only. 
The generator boards are in the dynamo rooms. 

The generator installation consists of four 6-pole, com- 
pound-wound, 300-kilowatt, General Electric generators, two 
in each dynamo room, each driven by a two-stage horizontal 
Curtis turbine. Each generator will deliver at normal load 
2,400 ampéres of current at 125 volts, when running at 1,500 
revolutions per minute. The generators are capable of de- 
livering one-third overload for two hours without injury. 

Steam for the after generators is taken off the auxiliary 
steam pipe in the after dynamo room, and that for the forward 
generators from the main steam cross connection in the forward 
fireroom. ‘The branch to each generator is 4 inches and fitted 
with stop, reducing and throttle valves. 
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The generators are arranged with condensing and atmos- 
pheric exhaust, the latter connections, vza escape pipe, are 10 
inches and fitted with automatic valves permitting instan- 
taneous change over in emergency. 

The after pair of generators exhaust into the forward main 
condensers, each connection being 20 inches, and the forward 
generators have an independent condensing apparatus, located 
below the generators in a separate room in the hold, with 
access hatch between the two levels. The condensing appa- 
ratus consists of one condenser and vacuum augmenter (data 
below), one, each, independent air pump, circulating pump, 
hotwell-tank pump and hotwell tank. The pump data is 
given in Table II. 

The dynamo condenser also handles the exhaust from the 
turbo-air compressors. 


Dynamo Condenser Data. 
PUTIROE cbasbhesocicduncosincas gous scduseiubosanss Mes Glvseekes ood ngtukscsseiceisauabien I 
Inside diameter, feet and inches : 5-05 
Thickness of shell (steel), inch tod 00755 
Length between tube sheets, feet and inches.. 7-01 
Thickness of tube sheets, inch... Wadaukidecta se pickus saccacascicekecaeustas OI 
Tubes, number 2,615 
diameter, outside, inch................0000 tevoulacalecnavaatingeyceceus oof 
Girvinetens LepCliknnh sic cctiisicisevensidescicccbccsccwsbicssckincceeecbaghed 00.065 
Cooling surface, square feet........... pinlicnpleas ooviereinionebrs inks <spleonedees 3,066 
Diameter of exhaust nozzles, generators (2), inches 20 
air compressors, inches 18 
air-pump suctions, inches......... edeseiededoccietisisevevewvees 07 
circulating-water inlet and outlet, inches 13 





Augmenter Condenser Data. 





Inside diameter, inches...... dudedesseie dh} sae Sia danaitiptast deep Cees isnaue tien’ 
Thickness of shell (composition), inch 

Length between tube sheets, inches .................. -.-- sqiadan eek seauimacthos 
Thickness of tube sheets, inch ................ 

Tubes, number 

diameter, outside, inch........ 

MUA AOI, SINE ois 5 cs mce scan gg atesvs sovagecesvaxcssuas Condshcopeaqnne 
Cooling surface, square feet.............c0::cccsceseeeceesceneesen sores ees detvenses 
Diameter vapor inlet, inches 

air-pump suction, inches...........cssccscserseersrecsrens eee se 
circulating-water inlet and outlet, inches 


24 
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TRIALS. 


The trials were run January 16 to 28, 1916, inclusive. 

The official speed and revolution curve gave the following 
mean revolutions per minute of the propellers as necessary to 
attain the speeds desired for the various trials: 

Speed in knots. 
9B) 5 8 


19, 


R.p.m. 
123.1 
. 113.8 


ae . ’ ‘ ; . 87.6 
: ; > » 59-65 


10, 
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TESTING OF METALS AT THE ENGINEERING 
EXPERIMENT STATION. 


By D. J. McADAM, JR., ASSOCIATE. 


In the testing of metals at the Naval Engineering Experi- 
ment Station conclusions are based, whenever possible, on the 
combined results of three general methods of investigation, 
namely, chemical analysis, physical tests and metallographic 
examination. 

If the results of the two latter methods are to be of value 
the chemical composition of the metal must be known. In 
the present article, however, the methods of obtaining the 
chemical composition will not be considered, and attention 
will be confined to the subject of metallographic examination 
and physical testing. 


METALLOGRAPHY. 


The metallographic method of investigation, especially the 
use of the microscope in the study of metals, is of compara- 
tively recent application. Though the first use of the micro- 
scope in investigation of metals by Sorby was made in 1863, 
it was not until 1885 that he discovered the nature of the con- 
stituent of steel known as pearlite, and it was not. until after 
the beginning of the present century that the microscopic ex- 
amination of metals became of general interest. In the last 
fifteen years this method has undergone a remarkable devel- 
opment, until today it is in use in nearly every works or 
laboratory where metals are manufactured or tested. 

As in all new branches of science, there are varying views 
of the nature and scope of metallography. There is a preva- 
lent opinion that it is merely microscopy as applied to metals. 
According to this view, anyone who can polish and etch metals 











362 TESTING METALS, ENGINEERING EXPERIMENT STATION. 


and recognize a few types of microscopic structure is a metal- 
lographist. This view of the subject, however, is entirely too 
narrow. Metallography is not limited to the use of the 
microscope. It makes use of any physical phenomenon that 
may throw light on the structure of a metal and on the re- 
lations of this structure to the processes of manufacture. For 
this purpose, in addition to heating and cooling curves and 
other temperature measurements, determinations of electrical 
conductivity, potential, volume, hardness, etc., have proved of 
great value. 

Metallography, therefore, is a science. One authority de- 
fines it as ‘ Physical Metallurgy ;” another gives it the even 
broader definition of ‘* Science of Metals.” It is a branch of 
physical chemistry, yet in its practical application it is a 
branch of metallurgy. It deals with the microscopic structure 
of metals in relation to the laws of crystal origin, growth and 
transformation. As the geologist, from observation of regions 
on the earth’s surface, can read traces of its history, so the 
metallographist, examining a small piece of metal, can read 
traces of its processes of manufacture even as far back as the 
molten condition. To do this, however, he must bring to his 
aid chemistry, physics and metallurgy, even as the geologist 
uses chemistry, physics and biology. 

Metallography has solved many problems in rigard to the 
ultimate structure of metals. The solution of these problems 
has advanced the subject to the point where it is of great use 
both to the manufacturer and to the user of metals, The 
manufacturer ‘uses, or should use, metallography to assist 
him in producing good material. The buyer uses metallo- 
graphy to assist him in determining whether or not any par- 
ticular metal is suitable for the purpose intended. Moreover, 
in addition to its use in the manufacturing and testing of 
metals, wider fields of investigation are being continually 
opened up by the progress of the science. 

At the Experiment Station,'in addition to the great num- 
ber of routine tests of metals,.an attempt is being made to in- 
vestigate some of the many problems in regard to the effects 
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of heat treatment on microscopic structure and physical prop- 
erties. Before discussing the subject of research, however, a 
description will be given of the method and apparatus used at 
the Station. 
Fig. 1 is a general view of the metallographic laboratory. 
In this room, 17 feet < 19 feet in size, are the polishing ma- 
chines, furnaces for heat treatment, microscope, camera, work 
bench, tables for etching reagents, typewriters and multigraph, 
desks, shelves for storage of specimens, and much other ap- 
paratus of various kinds. Here all the purely metallographic 
work is done, including the preparation of reports. There is 
also a dark room for the development of negatives and prints. 
Routine tests of metals at this Station may be divided into 
two general classes: (a) Tests of material before acceptance, 


that is, for inspection purposes; (4) Tests of material that has 
failed in service. ' 


INSPECTION TESTS. 


Recent Navy Department specifications, 49S24, require 
metallographic examination of all forgings used for shafting 
and couplings for naval vessels. In many other cases, also, 
metallographic examination is required by the terms of the 
contract. 

For this.examination specimens, in number depending on 
the size of the forging, are sent from the various inspec- 
tion offices to this Station for examination. The number and 
location of these metallographic specimens are prescribed in 
specifications 49824. In addition to ends of broken tensile 
specimens other specimens, taken from various parts of the 
forging, are usually required. An examination is made at 
once and a preliminary report is sent out, usually within 24 
hours of the time of receipt of the specimens, A supple- 
mentary report, including photomicrographs, is submitted 
later. If the material does not have the required uniformity 
and fineness of structure, recommendation, is made that it be 
given an additional heat treatment by the manufacturers. In 
some cases a forging has been given two additional heat treat- 
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ments by the manufacturers before satisfactory results have 
been secured. 

Whenever it seems advisable the transition range of a metal 
is investigated in order to determine the proper heat treatment 
for the forgings. Part of the apparatus for determining the 
transition range of a metal, by means of heating and cooling 
curves, is shown near the right of Fig. 1. It consists essentially 
of a furnace with thermocouples and a potentiometer for accu- 
rate measurement of temperatures. The cylindrical specimen 
used in determination of transition temperatures is about 1 
inch long and 4 to 3 inch in diameter; it has holes drilled in 
it for the receipt of the thermocouples. 

The simplest method of determining the transition range is 
by heating and cooling curves. For this purpose the speci- 
men is slowly heated or cooled in the furnace, and tempera- 
ture measurements are taken at definite intervals. A time- 
temperature curve may then be plotted. If the specimen has 
no transition points during this temperature range, a smooth, 
regular curve will be produced, as illustrated by Curve A of 
Fig. 2. If, however, there is a transition point, a sudden ab- 
sorption or evolution of heat takes place at a definite temper- 
ature. This causes a lag in the temperature change and a 
sudden change in direction of the time-temperature curve. 
Curves B, C and D of Fig. 2 are forms of curves obtained with 
metal having a transition point. 

One of the best methods of obtaining transition points con- 
sists in the use of an additional specimen of metal having no 
transition point within the required temperature range. The 
difference in temperature between the specimen investigated and 
this neutral specimen is then plotted against the temperature 
itself. On account of the lag in temperature changé at the 
transition point, a peak in the difference curve occurs at this 
temperature, as illustrated by Curve E of Fig. 2. Several 
other forms of curves may be plotted, each having certain ad- 
vantages and disadvantages. 

After the transition range of a metal is determined or esti- 
mated, experiments in heat treatment are frequently made, 
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using an electric furnace and accurate temperature measure- 
ment. ‘The results are determined by the use of the micro- 
scope and sometimes by physical tests. In drawing conclu- 
sions from these laboratory experiments, of course, due 
allowance must be made for the difference in size between 
the specimen and the forging from which the specimen was 
taken. Since, however, the difference in effects of heat treat- 
ment between a large forging and a small specimen depends 
almost entirely on their rates of cooling, allowance for this 
fact can readily be made. 

Frequently methods of heat treatment have been suggested 
to manufacturers and have finally proved successful, while the 
methods originally used by the manufacturers have failed. 
The improvement often brought about by heat treatment sug- 
gested by this Station, is illustrated by Figs. 3to 7. These are 
photomicrographs, at a magnification of 100, of typical speci- 
mens taken from g-inch round bars of Class B steel. These 
specimens were etched with a 5 per cent. solution of picric 
acid in alcohol. ‘The white areas represent ferrite, or nearly 
carbonless iron, while the dark areas represent pearlite, the 
carboniferous constituent of annealed mild steel. Figs. 3 and 
4 illustrate the unsatisfactory structure found in these bars as 
first submitted by the manufacturers. In Fig. 3 streaked segre- 
gation is noticeable, while in Fig. 4 the ferrite is seen to be 
arranged in long, straight lines forming a triangular, lattice- 
work structure. In such material the coarse crystallization 
of the original ingot has not been completely removed. 

Although a special heat treatment for this material was 
recommended by this Station, the manufacturers chose to try 
simple annealing, with the result that the structure of the 
material on second submission showed little improvement. 
This is illustrated by Figs. 5 and 6. When finally the heat 
treatment, originally suggested by this Station, was used by 
the manufacturers, a fine grained, uniform structure was pro- 
duced, as illustrated by Fig. 7. 

In the year and a half since metallographic requirements 
began to be included by the Bureau of Steam Engineering in 
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contracts for shafting, great improvement has been noticed in 
the structure of the material furnished by manufacturers. 
Although, from the nature of the case, metallographic specifica- 
tions cannot be made as exact as tensile specifications, manu- 
facturets have come to an understanding of the grade of metal- 
lographic structure that is considered acceptable. In only a 
small percentage of cases, therefore, is an additional Heat treat- 
ment of the material required. 

Occasionally it has been found necessary to examine a large 
object, such as a shaft of a battleship. For this purpose areas 
on the surface of the metal are polished and etched; they are 
then examined by means of the apparatus illustrated by Fig. 
8. In this apparatus an aluminum arm attached toan alumi- 
num base holds the microscope and camera. By means of 
the mechanism in the base the aluminum arm can be adjusted 
so that the optical axis of the microscope is perpendicular to 
the surface of the object to be examined. The objective of 
the microscope can be attached either in line with or at right 
angles to the main tube of the microscope. This gives a great 
variety of adjustment, and even makes it possible to examine 
the interior of a hollow object. A balopticon, such as the one 
shown in Fig. 8, isa very satisfactory form of illumination when 
an auxiliary condensing lens is used. Theapparatus, however, 
could be equipped with an electric-light bulb and condenser 
rigidly clamped to the microscope. 

The apparatus here illustrated has been used in examining 
a variety of large objects. Among other tests by this method 
a complete examination of 18 shafts for the U. S. S. Pennsyl- 
vania was made in 1914. 


TESTS OF FAILED MATERIAL. 


In addition to the various inspection tests, sometimes 
averaging over 20 in a month, this Station makes many tests 
of metals which have failed in service. These tests have 
included shafts, gun parts, rivets, stay bolts, boiler plate, 
pistons, valve stems, chain links, turbine blades and various 
articles of brass, bronze and other alloys. 
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Figs. 9 and ro show structures found in a failed crankshaft 
of submarine G-7. In Fig. 9 fine cracks extending through 
numerous slag particles are shown on the unetched surface. 
In Fig. 10 branching cracks are seen on the etched surface. 
Though other causes probably contributed to the failure of 
this material, there is no doubt that the metal itself was de- 
fective. 

Ininvestigating the causes of failure of metal it is, of course, 
necessary to keep in mind that a number of causes may have 
contributed to the result. In addition to defects in the metal 
itself, possible causes of failure are: faulty design, construc- 
tion and alignment, also excessive stresses due ‘to improper 
use. After examination of failed material, therefore, it is 
often impossible to decide definitely whether or not the failure 
was due to defective material. A decision can always be made, 
however, as to the quality of the metal. 


PHYSICAL TESTING. 


In investigating the quality of failed material, physical 
tests, in addition to the metallographic examination, are made 
whenever possible. The physical tests often include torsion, 
impact and endurance tests as well as the usual tensile tests. 

At this Station the various machines for physical tests are 
situated in the central floor space. Figs. 11 and 12 are views 
of the two tensile machines having capacities of 300,000 and 
50,000 pounds, respectively. Fig. 13 shows a Brinell machine 
for testing the hardness of metals. Fig. 14 is a view of a 
machine for testing by impact. A machine for testing the 


endurance of metals under alternate bending stress is shown 
in Fig. 15. 


METALLURGICAL INVESTIGATION. 


With these machines, in addition to routine tests, investiga- 
tions are being made of the strength and endurance of metals 
and their ability to resist suddenly applied stresses. By means 
of these physical and metallographic tests a study is being 
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made of the relation between microscopic structure and physi- 
cal properties. This subject, about which there is much 
disagreement among metallurgists, offers a wide field for 
investigation. The effects of varying heat treatment on both 
microscopic structure and physical properties are also being 
studied. Some of the results of this work will be described 
in a later article. 


TESTS IN SERVICE. 


In addition to all such artificial tests of metals the Engi- 
neering Experiment Station has the advantage of being in 
touch with tests for which all others are preliminaries, the 
tests of material in actual service in the Navy. The data in 
regard to microscopic structure, strength and endurance being 
accumulated at this Station will, therefore, in time prove of 
great value if considered in regard to the subsequent history 
of the various kinds of material in service. This fact alone 
illustrates the benefit to the Navy of having a central research 


laboratory such as the Engineering Experiment Station. 





\ 


U. S. S. CONYNGHAM. 


U. S. S. CONYNGHAM. 
DESCRIPTION AND TRIALS. 


By LIEUTENANT H. H. Norton, U. S. NAvy, MEMBER. 


Torpedo boat destroyer No. 58, the Conyngham, is one of 
the six destroyers authorized by Act of Congress approved 
March 4, 1913. The contract for the building of this vessel, 
together with T. B. destroyer No. 59, the Porter, was awarded 
to the Wm. Cramp & Sons S. & E. B. Co., of Philadelphia, 
Pa. The contract was signed October 2, 1913, and 23% 
months was the time allowed for completion. The contract 
price of the vessel was $881,000, of which $531,000 was 


allotted for machinery. The keel was laid July 27, 1914, and 
the vessel was launched July 8,1915. The preliminary trials 
were held December 7 to 10, 1915, inclusive, and the vessel 
was delivered to the Government January 20, 1916. 


Principal Hull Dimensions. 


Length between perpendiculars, feet and inches 
on L.W.L., feet and inches 
overall, feet and inches 
Beam, extreme, over guards, feet and inches 
on L.W.L,., feet and inches 
molded, feet and inches... one sedsasbes ocses ceccspioe 
Draught, designed mean, feet and ‘echeen 5 
Displacement on designed draught, tons 
per inch in L.W.L,., tons 








MACHINERY. 


The propelling machinery consists of Parsons turbines ar- 
ranged on two shafts as shown on Plate I. On the starboard 
shaft are LP. ahead and astern turbines fitted in same cas- 
ing. The cruising turbine shaft is geared to the forward end 
of the starboard shaft through a reduction gear and pinion of 
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ARRANGEMENT OF ENGINE AND AUXILIARY ROOMS. 
































PLATE I.—U. S. S. ‘‘CONYNGHAM.”’ 


ratio about 7 to 1. Between the reduction gear and L.P. 
turbige is fitted a Metten clutch, designed to uncouple the 
reduction gear from main turbine shaft when revolutions ex- 
ceed a speed corresponding to 22 knots. On the port shaft 
are the H.P. ahead and astern turbines fitted in separate 
casings. 

For cruising speeds up to 20 knots steam is admitted to 
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cruising turbine, then to first stage H.P. turbine, thence 
through LP. turbine to condenser. For higher speeds ahead 
steam is admitted to first-stage H.P. turbine, thence through 
L.P. turbine to condenser. 

For maneuvering, steam is admitted direct to LP. ahead or 
astern turbines, H.P. ahead or astern turbines, and exhausts 
direct from turbine in use to condenser. Non-return’ valves 
are fitted between cruising and H.P. turbine and between 
H.P. and LP. turbine. Between the H.P. and L.P. turbine 
a large direct-exhaust valve to condenser is fitted, to allow 
exhaust from H.P. turbine to pass direct to condenser when 
H.P. turbine is used for maneuvering. The main tur- 
bines are designed to develop about 9,000 S.H.P. each, when 
making about 600 r.p.m. 


Turbine Data. 





Diameter of cyl- | Length of cylinder, Rows of Length of blades, 
inder, inches. inches. blading. inches. 


Ahead. As, Ahead, As. ° a Ahead. As. 
C. H.P. L.P. . HP. LAP, . H.P. L.P. C. H.P. L.P. 
207% : 504 3 73 : 45 : 1134: 8 $1E3 7: 4: 1k: 64: 
204 3514:79: 46 2 168;: 15¢ ¢ Tod a a #: ih: of: 
21t :524:86: 48 15% : 15h 3 lof : 76: 1%¥323:393 : 
: : 86: > 1674: 158: 94 : - 6% : 34: 13 
2183 :18 : 7% ; 2:6; > 44:13 
CS 2s aaa ay 4 Ae. : 64: ... 














Diam. of rotor drums: C 1st Exp. 19y; ins. ; 2d and 3d Exps, 19 ins. ; H,P. 
48 ins. ; L.P. 60 ins. 


Standard Parsons material for blades and method of secur- 
ing them is used. Radial dummy packing is used on L.P. 
ahead and both astern turbines. Contact dummy packing is 
used on H.P. and cruising turbines; only these latter two 
being fitted with micrometers for reading dummy clearances. 

Auxiliary exhaust connections to first and second stages 
are fitted on the H.P. turbine. This turbine is also fitted with 
a by-pass connection from first to second stages. Auxiliary 
exhaust connections to the first and second stages are fitted on 
the L.P. turbine. 
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Shafting and Bearings. 
H.P. rotor shaft, length, feet and inches, forward................ SR iciukost 


BES sicpecdoc -ppacdans depp esadoonoess 
diameter at bearings, inches.................cccccssseesees 
of hole, inches............ cageatbars see ecaaae 
L.P. rotor shaft, length, feet and inches, forward.. 
? BEE, icnanssnsSJospeberqnerppeniseais: G-OOE 
diameter at bearings, inches .............. svbeetioys eakabets II 
of hole, inches................ pavscaidnss ehceoiis 5 and o5$ 


Line shaft, length, starboard, feet and inches { 


port, feet and inches { 


diameter at bearings, inches...................cccsseeseees begeesox 
Of hole, imches..............:cesessssccosceeeccecsens bdshes 
Stern-tube shaft, length, feet and inches 
diameter, inches...... ROY NER ae 
diameter of hole, inches............ Rocescotedecesoecersenes 
Propeller shaft, length, feet and inches 
Giameter, inChes.....00cccsgecscosscccsssccescceccosccesscescnecs 
diameter of hole, inches 
Rotor shaft bearings, number of, each turbine...... eipacccsta hacwaae bebe 
length, H.P. forward, inches 
after, inches...........00..000 Sidiesecs 
L.P. forward, inches 
after, inches................... capeepece 
cruising, forward, inches ............... cveuewee 
after, inches..........c..c.ssscreees diets 
Collars on shaft : 
Number ...... 8 
"TEIGMENE, ANON oo. cssicgciecescecooecovsedceesscevstecse oe 
Space between, inch ......... a vpaee siiasigenetucoecsans of 
Outside diameter, inches.......... maweleoushcssitacdcope 
Inside diameter, inches ..... Bil scpeevcbsussonsuixessass 
Bearing surface, square inches 
Thrust shoes, number, ahead............ 


effective (thrust) surface square 
inches, ahead ...... eaiesivanve raceunsces 
effective (thrust) surface square 
inches, astern............. y Feledecdiveses 
Line shaft bearings : 
Number of bearings and length, ins., starb’d.... 


Stern tube bearings : 
Length, forward bearing, inches..............++. Hae 
after bearing, inches 
Propeller shaft bearings : 
Length, strut bearing, inches 
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Thrust bearings are located one at the forward end of H.P., 
one at forward end of IP. turbine, and one at the after end 
of cruising turbine. 

Gary-Cummings torsion meters, one for each line shaft, are 
installed for measuring S.H.P. 


Propellers. 


One three-bladed outboard-turning propeller is fitted on each 
shaft. Propellers are cast solid of manganese-bronze, and 
blades are true screw and machined to pitch. 

The following are actual propeller measurements : 


Diameter, feet and inches 

Pitch, as set, mean, feet and inches...............++ ses feadd Bladanies Bidads tested 
Ratio of diameter to pitch 
Area, projected, Square feet reccocccessccereeessececensseceeererescensseserenes sesees 28.92 
Area, helicoidal, square feet........ccconsecsseccssscccerssessevecesscssscsecsseses 32431 
Area, disk, square feet 

Depth of lower tip of blade below keel, inches. olt 
Immersion of upper tip of blades (at draught 9/4}”) ins.. at 2 20 





Condensers. 


There is but one main condenser, which is located athwart- 
ship in after part of engine room. It is of a cylindrical shape 
with tubes curved horizontally and rolled into tube sheets. 
Tubes are supported at an intermediate point between tube 
sheets, but not secured to support, play being allowed for 
expansion. 

One auxiliary condenser, located in auxiliary room, is in- 
stalled. It is similar in type to main condenser. It is equip- 
ped with an independent air pump and independent circu- 
lating pump. 

Main Condenser. 


thickness, B.W.G 

outside diameter, inch 

length, as fitted, feet and inches 
cooling surface, square feet 
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Auxiliary Condenser. 
Tubes, number..............++ sis Uekanta shin eelkbieriihs ex iscansedsonaye Tebavey vausexuie dy 


thickness, B.W. G..........c..cceeceeeeeese Weds cod shosbitsicedeesiaededy és 
Outside diameter, inch ........c0....0. cccsececcessecceesevbstecbasceeseesen 
length, as fitted, feet and inches........., husekad tanesns brn ries 
cooling surface, square feet. 


Engine-Room Auxiliaries. 


Feed and Filter Tank.—A feed and filter tank of usual 


type, having a capacity of 800 gallons, is located on port side 
of auxiliary room. Pimps. 


See Table J.—List of pumps with their connections. 
TABLE I~ PUMPS AND CONNECTIONS ~ US.S. CONYNGHAM. 


‘Tare TANK. 


CONNECTION. 


FORCED—LUBRICATION SYSTEM. 


This system, comprising two lubricating-oil pumps and one 
oil cooler of 210 square feet cooling surface, supplies forced 
lubrication to all main bearings, thrust bearings, main circu- 
lating engine and reduction gear. 

The cooling water for oil cooler is supplied by main circu- 
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lating pump. A connection to firemain is available for an 
emergency. The main circulating engine has additional forced 
lubrication supplied by a plunges penip driven from eccentric 
stra 

The Metten clutch has its oil pressure supplied by a small 
plunger pump driven by reduction-gear shaft. For emergency, 
the forward one of the main lubricating, or a small auxiliary 
oil pump’ located on forward OFS OR eg may be 
used. 

One oil-drain tank of 205 gallons capacity, two oil-settling 
tanks of 400 gallons capaeity each, and main’ storage tanks 
of 550 gallons capacity, are comprised in this system. 

Each bearing is equipped with a test cock, regulating cocks 
and observation boxes. A thermometer is fitted on the dis- 
charge line from each bearing at the observation boxes. 


BOILERS. 


There are four oil-burning White-Forster boilers arranged 
in pairs in two separate compartments, as shown in Plate II. 


Data for One Bowler. 
Pressure, designed working, pounds 
test, hydraulic, pounds........ sdudsendinsacyescue dababertohase 
test, steam, POUMAS................-seeeeee cssees sevens sere Bisshecochees 
Drum, steami; inside diameter, inches. ..........sissssesoscseescavoceneses ligas 
thickness of tube sheet, inches.,:. 
wrapper sheet, inch... 
water, inside diameter, inches 
thickness of tube sheet, inches;,. 
wrapper sheet, inch. : 
Number of t-inch, outside diameter, tubes.............--cssiereessdsetscteeee 3,608 
Heating surface, square feet..........cocesssee-csssersecesees cosees sone sven egeees 6,000 
Furnace volume, eubic feet........... Revcnesersosey Bink incon sqesebsounieyh eoneoe 462.5 
Ratio combustion space to H.S.,............ PE" cht RENE S '1F 1412.97 





" maim feed valve (one), inches.........)....0:000-+5 Pert ae Pees 
auxiliary feed valve (one), inches.:................. ddede-dpecegas 
surface-blow valve (one), inches .........06...++ -afote shdbecoek ve 
bottom-blow valve (two), inches -...........c..ccecssveesatoroeoe is 
safety valve (two duplex Consolidated Valve Co. ya ins... 

Number of burners, Schutte-Koerting type:.....0.+sessssserssseetegeseeseeeee 


Kind of forced draft, closed fireroom, air pressure allowed’ ‘in fire- 
rooms, inches 


25 


03 
93 
ot 
oIt 
04 
II 
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Each boiler fitted with independent smokepipe—height 
above main deck 20 feet. 

All tubes are curved of variable radii of 5 feet 64 inches 
to 6 feet 9$ inches, with the smaller radii used for outer and 
inner rows. 

These boilers are similar in type and construction to 
previous White-Forster boilers, except that the design of mud 
drums has been changed from a semi-elliptical to a cylin- 
drical shape. This necessitated a change of design in front 
head of steam dfum to facilitate the removal of tubes. To 
accomplish this, in place of two manholes of equal size, as 
originally used, there is but one large manhole, 12 inches by 
16 inches near top of steam-drum head, and eight small cylin- 
drical manholes, 24 inches in diameter, distributed in two 
tows across the center of drum head. Butt seams are used on 
both steam and mud drums. 


FUEL-OIL SYSTEM. 


This system comprises two booster pumps, one. in each 
fireroom ; four service pumps, two in each fireroom; two 
hand pumps, one in each fireroom ; two fuel-oil heaters, one 
in each fireroom. 

The booster pumps are used principally for handling oil 
stowage, though they may be. used to assist fuel-oil service 
pumps, the suction of service pump being. connected to dis- 
charge of booster pump. 

The hand pumps are installed for use when no steam is on 
ship. They discharge direct to burner line. 

The fuel-oil service pumps discharge through oil heater to 
burner line. Provision is made for by-passing oil heater. 

In each fireroom the discharge line to burners is fitted with 
_ a stop valve controlled from deck. Each burner line, 14% 
inches in diameter, is fitted with a stop cock ‘and automatic 
shut-off valve, Branches #-inch in diameter supply the eleven 
burners. 


Strainers are fitted in both suction and discharge side of 
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service pumps. Air chambers. are fitted on a side of 
service pumps. 


FORCED-DRAFT BLOWERS. 


Forced draft is supplied to each fireroom by two 35-inch 
Keith-Sturtevant fans direct.connected and driven by Terry 
turbines. 


FEED-WATER HEATER. 


There is one horizontal surface feed-water heater, 6 feet 7% 
inches in length and 17 inches diameter, installed in each 
fireroom. Each heater has 238 tubes of §-inch diameter, fitted 
with spiral retarders, and have a total heating surface of 
250.08 square feet. 

MAIN STEAM PIPING. 


The main steam connections on each boiler are.7:inches in 
diameter. These connections from forward boilers combine 
into a 9}-inch line and: lead aft on starboard side to a main 
‘stop valve at forward engine-room bulkhead. 

In a similar manner the after boiler connections combine 
and lead aft on port side to a main stop valve. From these 
‘stop valves 93-inch lines lead to the turbine-throttle manifold, 
through which these lines are connected, there being no 
separate cross-connection piping. 

An expansion joint is fitted in starboard line in forward 
fireroom, and in the port line in the after fireroom. 

The throttle manifold comprises a 13}-inch globe stop valve 
controlling steam to H.P. turbine, a 63-inch globe stop valve 
controlling steam to cruising turbine, and two ahead and 
astern maneuvering manifolds. A maneuvering manifold 
comprises two 6-inch balance poppet valves dually operated 
by a screw spindle through a spring-loaded rocker beam. 


AUXILIARY STEAM PIPING. 


Auxiliary steam connections on each boiler are 4 inches in 
diameter. The connections from the forward boiler unite on 
the port’ sidé and lead aft to after fireroom. 
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After connecting with the boilers:in the after fireroom the 
line is branched and led aft on each side of ship through 
engine room with a loop at the after end of auxiliary room. 
From these lines, branches are led in the various compart- 
ments to all auxiliaries. 


AUXILIARY EXHAUST PIPING. 


The auxiliary-exhaust piping runs throughout machinery 
spaces. There are branches to each auxiliary, aad the follow 
ing connections. 

8 inches to main ‘condenser. 

6 inches to auxiliary condenser. 

6 inches to 1st and 2d stages H.P. turbine, 1st and ad stages 
L.P. turbine. 

7 inches to each feed-water heater. 

3 inches to turbine glands. 


MAIN AND AUXILIARY FEED SYSTEMS. 


There is a 74-inch suction main running forward from feed 
and filter tank with a 53-inch connection to air-pump channel 
ways and a Stinch connection to each main feed pump in the 
engine room. The line leads forward through 7-inch pipe to 
after fireroom where a. 54-inch connection is taken off to 
auxiliary feed pump, then continues forward through Stinch 
pipe to auxiliary feed pump in forward fireroom. 

The discharge from each feed pump is 4 inches in diameter, 
the discharges from two main feed pumps combining into a 
53-inch line which leads forward with a 4-inch’ branch’ to 
each feed-water heater or by-pass, thence through a 4-inch 
line to steam drums of the boiler. 

Each auxiliary feed line discharges direct through 4-inch 
line to steam drums of cross-connects to main feed line through 
heater or by-pass. 


‘EVAPORATING AND DISTILLING PLANT. 


This plant comprises two evaporators, located on port side of 
auxiliary room, one evaporator-feed pump and one fresh-water 
pump, one evaporator-feed-water heater and two distillers. 
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This plant has a normal combined capacity of 5,400 gallons 
of fresh water per 24 hours, with a 40 per cent. excess of 
normal capacity when clean. 


Data for One Evaporator. 


Tye .ccccccce Schutte-Koerting, Navy type, vertical, U-tube. 
Diameter, inside, inches................00000 Served eDastes estes She eis Uicsbadeussides 28 
Height overall, feet and inches......0.0......ssseee+ 
Number of U-tubes..... 36 
Diameter of tubes, inside, inches............:......00080 rR a8 Sie 8 BES bse ced ot 
Heating surface, square feet....... LOT RO ER eae COE E TT coseteecseeese 59,61 
Diameter steam nozzle, inches............c0essssssssossererseescesooees PEPE er 02 

vapor nozzle, inches....... pescuusd qiesvcctaene ai/seperiteeaseasdusanesbonas 

SOU WRIVE, WGI occescoccscseccccsseccecesce’ setvccesctonees apes 

blow valve, inches....... deck deeded yivebesbd Se bd li Ke obbe POE U'S BF he fe 3 


Data for One Distiller. 


TYPO sks ddesseb tas snieees ea eA Séskdscuee hate ik Cramp, vertical, curved tube, 
Diameter, inside, inches 
Height between covers, feet and inches.................sceser0e dobohebie 
Number of tubes 
Diameter of tubes, outside, inch.............. sip esestys FG iad~) Teg dechbo ducts 
Cooling surface, square feet 
Diameter vapor inlet, inches 
drain connection, inches 
circulating-water connections, inches.......00.ccccccssssssvsseere 


Data for Evaporator Feed-Water Heater. 


Type ...e000 sSeuprece eeeaneeens peceeod Cramps, vertical, U-tube. 
Diameter, inside, inches .............. Rb nepauesukinns abaasesbe cox ke sabakuiae 
Height overall, feet and inches. 
Number of. tubes.....0...0.....sececesee Fy Pe SARL OT ODE PETAR UET ory" picedede 
Diameter of tubes, outside, inch itetedn tendomacal sighs ialtcelomppadbevy 
Heating surface, square feet.......... cankasabdse Mamaas sea seaesas as 
Diameter vapor connections, inches........ 

feed-water connections, inches 





SPECIAL FEATURES. 


Throttle Locking Gear.—To prevent possible injury to the 
oil clutch by admission of steam to backing turbines while 
the cruising turbine is in use, or vice versa, the cruising-tur- 
bine throttle and maneuvering throttles are interlocked in 
such a manner that as soon as any of the maneuvering tur- 
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bine throttles are opened the cruising-turbine throttle is 
locked, or; should the cruising-turbine throttle be opened, the 
maneuvering throttles would be locked. This is accomplished 
through a system of cranks and connecting links operated 
direct by the operating valve spindles, so that the first move- 
ment toward opening a throttle valve immediately locks the 
other throttle valves, whose accidental opening would be in- 
jurious to the installation. 

To prevent the simultaneous opening of cruising and H.P. 
turbine throttles, which.would cause the exhaust from cruising 
turbine to back up and close the non-return valve, the throttle- 
valve stem of the H.P. turbine is: incorporated in the above 
locking system. 

Hydraulic Operating Gear for H.P. Turbine Exhaust 
Valve.—To facilitate the operation of the 30-inch H.P. tur- 
bine receiver. valve controlling exhaust from H.P. turbine, 
a hydraulic cylinder is attached, to the. operating. spindle. 
This cylinder derives its power at either end through con- 
nections to the main feed-pump discharge line. The direction 
of applied power is controlled through a four-way cock directly 
connected to an operating lever located at throttle manifold. 
Two passages of this four-way cock are connected to main 
feed discharge line, and the other two passages to the main 
feed suction line. Thus power is applied to either side of . 
piston in hydraulic cylinder and at the same time any pressure 
on the other side of piston is released through main feed suc- 
tion line. To prevent throttle valve for H.P. turbine com- 
bination being opened except when exhaust from H.P. turbine 
is opened to L.P. turbine, a locking gear is fitted at the end 
of operating lever which engages with H.P. turbine throttle- 
valve spindle when exhaust to L.P. is closed. 

Smoke Indicator.—A direct-reading smoke-indicator system, 
as manufactured by the Pioneer Smoke Indicator Company, 
Philadelphia, Pa., was installed for experimental purposes. 

The principle of operation of the system is dependent on 
the property of selenium to vary its electrical resistance with 
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varying light intensities, viz: of low resistance: at higher 
light intensities and high resistance at lower_light intensities. 

Use is: made of ‘this -principle by. projectiig across the 
smokepipe a strong beam of light ona selenium cell. As the 
density of the smoke passing through the:stack varies, the 
intensity of the projected light ‘beam will also vary, which in 
turn will :vary.the electrical resistance of-the selenium cell. 
The selenium cell is connected to an indicating meter having 
its scale arranged in smoke densities. The meter, being 
located: in the fireroom, igives constant information to those 
operating the boilers as to the character of smoke. 

This system, in-use during the official trial, was sdiinane as 
operating most satisfactorily. 


TRIALS. 


The standardization trials, 26 runs being made, were con- 
ducted on December 9, 1915. 


The official speed and revolution curve gave thé following 


mean revolutions per minute of the propellers, as necessary to 
attain the speeds stipulated by trials: 


Speed, in knots. R.p.m. 
12, , . ' ; : - 190.4 
ee be i. 
16, ; <. ‘ + « 253.6 
20, paar ; ; - + 319.7 
25; ’ , ‘ . ‘ «+ 433-2 
29-5)... ‘ , whens - 580.8 





IMPORTANCE OF OUR NAVAL STATIONS. 


THE INDUSTRIAL AND STRATEGICAL IMPORT- 
ANCE OF OUR NAVAL STATIONS. 


By Rear Apmirat JoHN R. Epwarps, Unrrep StTarEs 
Navy (Retirep), MEMBER.* 


“To Prepare a Fleet is Vitally Important, To Take Care of 
a Fleet and Repair It is Equally Important.” 


INTRODUCTORY. 


If the United States should become involved in war with 
a formidable naval foe the first guiltless victims to have their 
professional reputations blighted would be’some of the naval 


officials responsible for the administration of our naval shore 
stations. 


The first links in the chain of naval operations to be sub- 
jected to strain in preparing the fleet for sea would be the 
navy. yards, and, if they failed under war ‘requirements, 
would not the Nation be justified in demanding that some- 
one be held responsible for such weakness; for has not the 
doctrine been incessantly proclaimed, even by naval experts, 


* Rear Admiral JoHN R. EDWARDS, United States Navy (retired); graduated from 
the United States; Naval Academy (engineering course) in 1874... He ‘served 16 years.at 
sea in the engineering department of various naval vessels. His shore service has been 
exceedingly. varied and includes:a three-years’ tour of duty at‘the Usiiversity of South 
Carolina as professor of. mechanical engineering. While on duty at this institution he 
pursued the 1aw course, and in 1891 was admitted to practice before the Supreme Court 
of that State, For. six years served in the Navy Department as.an assistant to the late 
Admiral Melville; for four years he was head of the machinery department of the 
Portsmouth (N. H:) Navy Yard; performed three! years” diity as inspectér of ‘naval 
machinery at the Cramp shipyard ; served forone year as general inspector of all naval 
machinery building at the commercial shipyards oti the Atlantic coast, and for two 
years was president of the Board of Inspection for-Shoré Stations. | His.last detail-was 
that of Commandant of the Charleston (S. C.) Navy Yard. From 1901 to 1904, he .was 
Senior member of the Naval Liquid Fuel Board, the report of which board was declared 
to be one.of the most. valuable scientific publications ever, issued by the Government. 
In 1912 he was appointed by President Taft and Served as chairman of the American 
delegation to'the ondon: International Radiotelegraphic Conference. He Has made a 
special and extended study of the question of naval development and policy. 
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that we not only have too many navy yards, but that too 
much money has been spent upon them? 

So long as this Nation’s commercial resources, as regards 
the repair and construction of vessels of very heavy tonnage, 
are of such limited nature it will be impossible to obtain 
naval preparedness, except at inordinate expense and loss of 
time. The events of the past year have established the fact 
that our next great war will be fought out in the shop and 
the mill as well as in the trench and the turret. 

Our commercial shipyards and naval stations have been 
continuously discredited; their development has been ar- 
rested; and, therefore, they can not satisfactorily do the 
work they will be called upon to perform. 

The insufficiency of storehouse’ facilities at our various 
naval stations, the limited extent of deep-water piers, marked 
lack of dry docks, and the incomplete equipment of modern 
cranes would necessitate such serious delay in preparing 
the fleet for sea that the resentment of the Nation would be 
justly aroused and the demand made that some administra- 
tive officials should be held accountable for the inexcusable 
lack of preparedness of the shore establishments for ful- 
filling the purpose for which they were established. 


THE PROBLEM OF THE NAVY YARD IS VITAL TO NAVAL, 
EFFICIENCY, 


The problem of the navy yard is an important one, both 
from an industrial and military standpoint. It seems in- 
explicable that there could exist in the service such incom- 
plete and misleading information as that which prevails con- 
cerning the character and extent of the equipment of our 
navy yards. Should it not have been recognized long ago 
that well-equipped shore stations are essential to the efficient 
operation of the battle fleet ? 

It is regrettable that so many able officers and so many 
intelligent people should believe that we possess any unneces- 
sary naval stations. It is especially unfortunate that this 
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opinion should be held by a number of influential naval offi- 
cers now holding responsible positions at the Navy Depart- 
merit, particularly as these officers to a considerable extent 
are enabled to have their views enunciated ‘as the policy of 
the Nation. 

The possibility that the Navy Department and the Con- 
gress may indorse the erroneous belief that our existing 
naval shore establishments can meet the war needs of the 
fleet should cause grave concern to the Navy at large. Our 
administrative officials can not afford to be wrong as regards 
the problem of the navy yard. 


7, 


THE RELATION OF THE NAVY YARD TO THE FLEET. 


The navy yard is something more than a ship construction 
and repair establishment. They should be regarded as vitally 
component parts of the fleet. 

As bearing upon the question of how navy-yard develop- 
ment should be effected, attention is invited to an extract 
from a report by the Naval Board of Inspection for Shore 
Stations, made in 1913, wherein it is stated: 


“It is of paramount military importance to the ef- 
ficiency of the fleet that coincident with its extension 
there should be a corresponding development of our 
leading navy yards and stations. Every additional bat- 
tleship authorized by Congress entails a corresponding 
military responsibility or obligation to provide means 
for its efficient upkeep as well as for its rapid and-ef- 
ficient repair. It is therefore imperative that the navy 
yards should be developed along every line which 
would fit them for more readily meeting the demands 
of the fleet. 

“Any delay in building up the navy yards or any 
expectation of depending primarily upon private ship- 
building plants for meeting war demands of the fleet 
impairs naval efficiency and is a menace to our first 
line of national defense. The danger of such a policy 
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may not be appreciated in time of peace, but there will 
come peril, if not national humiliation, if navy-yard 
development is unduly: restricted: - 

“An extensive array of auxiliary vessels is the: con- 
comitant of an efficient fleet. Consistent likewise with 
an increase in number of: battleships and naval auxili- 
aries, it is equally essential that there be a parallel de- 
velopment of navy-yard facilities.” 


OUR MARITIME FACILITIES FOR “ REPAIR” SHOULD BE CLOSE- 
LY ASSOCIATED WITH THE ABILITY TO “‘ PREPARE.” 


It is» inviting disaster to “ prepare’ without providing 
facilities for “ repair.” Almost invariably defeat has await- 
ed the commander who, throwing his all into the first line 
of battle, failed to provide a reserve in which to re-form and 
refit. ‘The overshadowing advantage of Germany in this 
war has been due to her ability to repair and refit her bat- 
tered battle lines. ‘The call for adequate facilities for 
“repair” should be placed upon the same plane as the nation- 
wide demand to “ prepare.” Is it not the ability to put 
steam into the punches of the closing rounds: of the fight 
that often decides the-battle?, If'our naval stations are not 
in condition to make rapid and adequate repairs, should not 
development of these stations. be immediately undertaken 
along with the extension of the fleet ? 


HAS THERE BEEN EXCESSIVE WASTE IN: NAVAL EXPENDI- 
TURES? 


Does it contribute to the efficiency of the Navy that one 
can not even cursorily read current literature without the 
conviction that even high ranking officers of the service 
stand sponsors for the statement that there has been extrav- 
agance and waste in the expenditures that have been made 
for the maintenance and development of our naval stations? 
No reliable evidence has been presented to materially sup- 
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port this contention, although some minor wastes and mis- 
takes might be pointed out. 

It is difficult to indasitnad what purpose: was p-dntemded: to 
be subserved by the dissemination of views which impeach 
the ability of those naval officers responsible for the estab- 
lishment and maintenance of our naval stations. Every 
unjust. implication ‘about. the. naval shore. stations: reflects 
injuriously upon the Navy as a whole, since such criticisms 
are certain to be misunderstood by the:press at large and by 
the Naval Committees of the Congress.; All such criticisms 
are a condemnation of the manner in which we have been 
administering our navy yards, and they will surely be regard- 
ed by the casual reader as applicable likewise to the wiitieits 
administration of the: Navy. 

It is unjust to attempt to ascribe: any excessive cost of 
maintenance of the Navy to waste at the shore establish- 
ments, when the total expenditure for labor ‘at all our naval 
stations is only $22,000,000, or about 16 per cent. of the 

“total amount appropriated by the Congress for naval purposes. 
The fleet can not be’built up by discrediting the navy yards, 
since the total annual expenditures for labor and material at 

all the shore stations would not be sufficient to pay for two 
modern superdreadnaughts, 

The efficiency of the navy yards will compare favorably 
with that of any other feature connected with the operation: 
of the fleet, since there is an interchange of naval officers in 
performing duty ashore and.afloat. The same zeal, high pur- 
pose, and ability manifested in the performance of duty 
afloat is rendered by the sea-going officers when detailed for 
shore duty.. Impeaching the character of the work done at 
the naval stations is simply discrediting that done afloat. 


MISLEADING STATEMENTS CONCERNING NAVAL EXPENDI- 
TURES. 


In one. of is many characteristic magazine articles writ- 
ten about our navy yards, it was,stated that the, naval expen- 
ditures for the fiscal year 1914 exceeded $140,000,000, and 
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that with this sum (the greatest peace appropriation for 
naval purposes in our history) only ore ship of the first line 
was provided for. Asa matter of fact that particular naval 
appropriation bill, the act of March 4, 1913, containing an 
appropriation of $35,325,695 for increasing the Navy, not 
only provided for the construction of a battleship but like- 
wise for six destroyers and four submarines, together with 
a transport and a supply ship. . 

The implication was also made in this particular. contribu- 
tion that certain expenditures for naval purposes were of a 
character that made it difficult to satisfy: reasonable men as 
to their necessity. It is certainly remarkable that anyone 
can carefully analyze any annual naval appropriation bill, 
propound questions of the character contained in that article, 
and then formulate conclusions that are not only injurious to 
the Navy but which have not stood the test of even two 
years’ study of the matter. 


IMPEACHMENT.OF THE EFFICIENCY OF OPERATION OF OUR 
NAVAL SHORE STATIONS. 


The sea power of this Nation can never be built up by 
unjust attacks upon the naval shore stations. The adequate 
development of the navy yard is the corollary to the increase 
of the fleet. Despite the extent to which our shore stations 
have been discredited, the efficiency of the navy yards is as 
high as that of the fleet. Continued attacks upon the navy 
yard will result in impeaching the work done afloat. 

The efficient performance of duty at our naval stations 
requires extended professional experience, mature judgment, 
tact, integrity, and executive ability. Why, therefore, should 
continued effort be exercised to discredit this work. In 
justification of the attacks that have been made for the past 
generation upon navy-yard administration, our legislative 
and executive department officials have even been informed 
that an annual savings could be effected, whereby there could 
" be obtained funds for the building of a battleship. The con- 
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tention that it is possible each year for a $15,000,000 battle- 
ship to be constructed from savings that would result from 
more economical disposition of the $22,000,000 now an- 
nually expended for labor at our navy yards is but in line 
with equally unwarranted implications made by various 
naval writers, who have unintentionally but unjustly dis- 
credited the work conducted by their fellow officers assigned 
to duty at our naval stations. 

Where condemnation of our policy of navy-yard develop- 
ment is practically ynqualified, the ‘service at large has a 
right to inquire as to the extent and character of the indus- 
trial duty performed by these critics, and also as to their 
qualifications for passing judgment upon this question. It 
will be difficult to find any who have had- extended or 
important engineering duty at any naval shore station who 
will indorse statements of the following character: 


“ That our navy yards as a whole represent the as- 
pect of a makeshift; that they conduce to waste of pub- 
lic. funds; and that they represent expediency of sec- 
tional interest without any comprehensive, well-di- 
gested plan looking to the best good of the whole 
Navy.” 


RELATIVE NAVAL STRENGTH CAN NOT BE. WHOLLY MEASURED 
BY COMPARATIVE STRENGTH IN. BATTLESHIPS. 


Considering the naval events of the past year, many of 
the leaders in the Congress upon whom has been delegated 
the responsibility of directing legislation will not be inclined 
to believe that relative naval strength should be measured 
solely in terms of battleships. Have not the battle cruisers 
and submarines proved valuable? While these leaders in 
Congress undoubtedly place a high estimate upon the im- 
portance of the battleship as the primary unit of the fleet, 
many of them also value our latent resources for the 
maintenance, repair, and construction of warships, as well 
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as the facilities for producing the vast quantities of muni- 
tions of war required to keep: fighting ships upon the battle 
line. 
Has it not been conclusively shown that those naval 
powers which'can not build battleships:can not maintain and 
operate such vessels? Inefficiency and déterioration of all 


' seagoing craft is almost directly proportionate to the knowl- 


edge that the respective personnel have of ship equipment 
and construction as well as to the character of inspection 
conducted in the repair and building, of the vessels. The 
patient, continuous, and resourceful work involved in pre- 
paring the fighting ships for battle and the reserve capa- 
bilities: of our commercial ‘shipbuilding: plants and naval 
stations to expeditiously refit the disabled ships must like- 
wise be accorded considerable weight in determining the 
measure of relative naval strength. 

Too many experts have a tendency to think too strongly 
in terms of battleships when measuring naval strength. The 
fact that strength in battleships is not the only measure of 
relative naval power ‘was emphasized ‘both in the Spanish- 
American and the Russo-Japanese Wars: When hostilities 
began in these conflicts the opposing forces were regarded by 
naval experts as about equal; yet within a year from the 
declaration of each war the substantial destruction of the 
Spanish and Russian fleets had been accomplished. 

Courage, patriotism, and knowledge of strategy are fairly 
general, and therefore the destruction of the Spanish and 
Russian fleets can not be associated either with the individual 
heroism or the superior skill of the victors. In. these wars, 
the defeat of the vanquished was not only due to the lack 
of preparedness, but also to the lack of knowledge of the 
ships and armaments, Instead, therefore, of dwelling upon 
relative naval strength solely in terms of warships, it should 
be measured also from the standpoint of efficiency, indus- 
trial resources, and the knowledge of ships and equipment 
upon the part of the respective personnels. 

The demand for more superdreadnaughts has almost be- 
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come an obsession upon the part of the most aggressive of 
. the advocates of the battleship, and the intolerant manner in 
which nearly. every other suggestion for promoting naval 
preparedness has been received by these experts is being 
strongly resented by some of the best friends of the Navy, 
since the speedier armored vessels of the battle-cruiser type 
have done about all the sea fighting that has yet taken place 
in this war. The battleship is a national need, and yet it has 
marked limitations in providing for national defense. 


CAN EFFICIENCY OF OUR NAVY YARDS BE GAUGED BY THOSE 
WHO HAVE NOT HAD VARIED OR IMPORTANT DUTY 
AT OUR NAVAL, STATIONS? 


In general, those who have had but limited experience in 
the administration of navy yards are the keenest to condemn 
their operation and organization. Is it surprising, therefore, 
that we are told that much that we have done in the devel- 
opment of our naval stations conflicts with certain strategic 
and economic principles? The academic and strategic prin- 
ciples essential to efficient navy-yard organization apply so 
generally to all industrial operations that they are virtually 
truisms and platitudes. No one denies assertions of the 
following nature: 


“ That the shore establishments should be made sub--. 
ordinate to the fleet; that every dollar expended for 
naval purposes should be to obtain the best results; that 
money should be wisely appropriated and carefully ‘ex- 
petided ; that every dollar wasted on shore is so much 
deducted from the increase of the fleet; that efficiency 
and economy will flow. from good organization and'ad- 
ministration ; and that diffusion of effort and unneces- 
sary duplication and extension of navy-yard plants are 
wasteful?” 


Wherein can efficiency or development of naval station or 
of the fleet be, promoted by the utterance of; platitudes of 
such character. . 

26 
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It has been likewise affirmed that in order to locate and 
develop our navy yards efficiently, there is involved an 
extensive knowledge of history and strategy, and that it is 
essential that a careful and exhaustive study should be made 
of our own national policies and the aspirations of other 
nations whose interests run parallel to our own purposes and 
policies. 

How about the interests and policy of nations whose pur- 
poses do not run parallel to our own? All these things, we 
are told, must be considered in the solution of the problem 
of the navy yard. Is it not probably a fact that all neces- 
sary industrial and military considerations were given due 
thought in the location of our various naval stations? 

The problem of the navy yard neither involves deep mys- 
tery nor profound strategy. It is rather a problem of obser- 


vation, experience, industrial judgment, and administrative 
ability. 


VIEWS OF THOSE WHO HAVE HAD VARIED INDUSTRIAL 
EXPERIENCE. 


The inexcusable attacks that have been made upon the 
usefulness of our shore stations can not be based upon 
knowledge and experience. Should not the views of those 
_who have had important and extended duty in the repairing 
and construction of ships; who possess knowledge of the 
demands that were made upon the navy yards during the 
Spanish-American War ; who since then have made a careful 
study of the problem of navy-yard operations; and who 
have had considerable sea experience be given an opportunity 
to be heard upon the subject? 

The problem of the navy yard is one of fact; not one of 
opinion. The industrial demands of the fleet can not be 
met unless the equipment of the shore stations is extended. 
It was a grievous military mistake that an extension of the 
naval shore stations was not effected along with the increase 
of the fleet. For years, however, the policy has been urged 
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of increasing the Navy afloat by retarding industrial devel- 
opment ashore. If those who shape our naval policy have 
not accurate knowledge of the value of our naval stations, 
then the Congress may inquire if the administration of these 
navy yards should not be turned over to those who do have 
a high appreciation of their military value to the fleet. The 
Navy has much at stake in this matter, for if the existing 
naval stations are not sufficiently numerous and industrially 
adequate to meet the needs of a modern fleet, the operations 
of the fleet will be unsuccessful. 


INDUSTRIAL CONDITIONS AT OUR SOUTHERN NAVAL STATIONS 
' A MENACE TO NATIONAL PREPAREDNESS. 


It was becausé Admiral Dewey’s squadron had been made 
“ready” for battle, that Capt. Gridley opened the battle of 
Manila Bay. This Nation should be “ready” before we 
invite or accept battle with a formidable foe. 

In summarizing the causes which led the French Govern- 
ment to make him “ Master of Forges of France,” Monsieur 
Albert Thomas, Under Secretary of State for Artillery and 
Munitions of War, thus spoke: 


“ Today a nation can not consider itself in a state 
of preparedness for war unless it has planned the 
mobilization of its industries along the same lines as 
that of its army. and navy. Before the present conflict 
taught us the meaning of shell power, armies and: 
money sufficed for the conduct of a successful cam- 
paign. We still need armies and money, but unless we 
have behind the trenches an organization capable of 
producing sufficient armament and ammunition to sat- 
isfy the staggering demands of our gunners and rifle- 
men neither troops nor treasury can assure the national 
defense.” 


A brief statement of the industrial and military conditions 
to the southward of Cape Hatteras, with :regard» to: the 
efficiency: of! those naval: stations, ‘will show. surprising: con- 
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ditions concerning naval preparedness. Cape Hatteras con- 
stitutes the logical and natural point of division between the 
North and South Atlantic coasts of the United States. 
There are about 2,500 miles of sea coast on the South At- 
lantic and Gulf coasts between Cape Hatteras andthe Rio 
Grande ; there are about 1,250 miles between, Cape Hatteras 
and Passamaquoddy Bay, Me. Along the seacoast of the 
New England and Middle States we have a series of naval 
hospitals whose average cost will approximate about $300,- 
000 and whose distance from each other only averages about 
100 miles, while on the southern stretch of our Atlantic and 
Gulf coasts the Navy possesses but a series of small dis- 
pensaries whose average value has been appraised at less 
than $10,000 each, and these dispensaries will average about 
350 miles apart from each other; below Cape Hatteras we 
have not a single modern naval hospital. There is not a dry 
dock possessed by the Government or by anyone else on the 
South Atlantic or Gulf coasts which will dock any of our 
superdreadnaughts. There is not a single stationary or 
floating crane possessed by the Government, by any individ- 
ual, or by any corporation on the South Atlantic or Gulf 
coasts which will remove from or install in a battleship either 
a modern turret gun, a Scotch marine boiler, or an assembled 
low-pressure turbine of the type now installed either in one 
of our large naval colliers, tankers, or battleships. For a 
distance, therefore, of 2,500 miles along our southern sea- 
coast we can not make extensive repairs to any large collier, 
tanker, or battleship. We have not a single modern naval 
magazine along this stretch of coast. 

The storehouse facilities of the southern naval stations 
are fatally weak. There is substantially but one naval. foun- 
dry to the southward of Cape Hatteras, and that is the one 
at Charleston, S. C., naval station; a foundry whose welfare 
and sanitary conditions are very bad. Although the Charles- 
ton, S. C.,; Navy Yard is the home port of 12 torpedo-boat 
destroyers, that naval station has»no floating derrick to han- 
die various appliances, Such as turbines, evaporators, boilers, 
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pumps; ‘steering engines, etc., that have to be repeatedly 
removed and replaced in overhauling. destroyers. There is 
nota single large modern gap lathe, slotting machine, planer, 
milling machine, hydraulic riveter, hydraulic flanging press, 
or, in fact, any large power tool installed, at any southern 
navy yard, capable of doing all the work required upon a 
modern collier, tanker, or battleship. The inadequate in- 
dustrial equipment of the southern navy yard may be sum~ 
marized in the statement that it is not possible, at any naval 
station south of Cape Hatteras, to build even the cylindrical 
boilers-of a modern seagoing tug. 

Is not our naval preparedness a travesty so long as we 
have a stretch of 2,500 miles of our seacoast provided only 
with a semblance of naval stations? With’an appropriation 
of $175,000 there can be provided at Charleston, between 
the navy yard and the sea, a channel 600 feet wide in the 
straight reaches and 1,000 feet wide at the bends, with a 
controlling depth of 30 feet at mean low water for the entire 
distance between the navy yard and the lower harbor. Be- 
tween the lower harbor and the sea the controlling depth is 
28 feet at mean low water. As the rise and fall of the tide 
is about 5 feet, steamers drawing 29 feet have actually en- 
tered the lower harbor and proceeded to their docks for 
unloading. 

The development of efficient naval stations to the south- 
ward of Cape Hatteras has been checked and thwarted by 
the promise to provide a'great station at Guantanamo. As 
substantially nothing of importance has been done as re- 
gards naval development at Guantanamo the ‘conditions at 
the Charleston, Key West, Pensacola, and New’ Orleans 
naval stations are simply amazing. Is it not incongruous 
that naval strategists are constantly affirming that our fleet 
may’ engage in great naval conflicts in the Caribbean, and 
yet no effort is‘ being made to provide a modern dry dock, 
necessary cranes, arid adequate equipment for the naval sta- 
tions located to the southward of Cape Hatteras? 

Should there not be immediately undertaken the extensive 
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development of the Charleston, S. C., Navy: Yard and of at 
least one of the naval stations on the Gulf? ‘These'stations 
should bé provided with extensive deep-water piers, suitable 
power tools, crane and transportation: facilities, modern 
storehouses, and hospitals, together with dry docks capable 
of receiving the largest ships that could enter their harbors. 
A channel at least 32 feet deep should be provided for every 
harbor where we have a navy yard. 


‘THE STRATEGY OF THE PAST MUST NOT DETERMINE THE 
NUMBER AND CHARACTER OF OUR NAVAL STATIONS 
AT THIS TIME. 


While the principles of strategy are changeless, their ap- 
plication varies with the military conditions of every age. 
Our existing and prospective international relations make it 
impracticable for the limited number of naval stations that 
have met the needs of a previous decade to suffice for. our 
requirements of the early future. The strategic problem has 
so many elements that solutions can not often be unreserved- 
ly accepted. The Congress, because of such numerous. and 
divergent views of the strategic importance of various har- 
bors in the West Indies, is well aware that the strategic 
possibilities of particular localities often vanish when viewed 
from conditions of a following. generation or even of a 
decade. : 

As evidence of the change of front that has been shown by 
our own strategists in regard to the military importance of 
certain harbors in the Caribbean, it is well to. recall the fact 
that during the past. 50 years the Congress of the. United 
States has received official communications from the Navy 
Department concerning the strategical importance of 
Samana Bay, Santo Domingo; Mole St. Nicolas and, Cape 
Haiten, Haiti; Santiago, Habana, Guantanamo, and Golf 
de Guacanabo, Cuba; St. Thomas; Culebra and San Juan, 
Porto Rico; Kingston, Jamaica; Hamilton, Bermudas; and 
also other points in the Antilles, The sudden change of 
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front upon.the part of some experts as regards the strategic 
importance of various ports in the West Indies affords suffi- 
cient evidence to cause thoughtful men to hesitate in giving 
weight to purely stategical recommendations. 

While representatives of the naval committees may pa- 
tiently listen to suggestions that would locate all of our 
Atlantic coast. naval bases at points north of Cape Hatteras, . 
it is quite certain that the great majority of both naval com- 
mittees view with surprise the attitude of naval experts-upon 
this subject., This belief is due to the fact that although 
there have been numerous attempts during the last 50 years 
to abaridon certain naval stations on the Atlantic coast, the 
only substantial success attained in this direction has been 
in the case of New London, and even it was reopened several 
months ago as a repair base for the submarine flotilla. 

Our need of shore establishments has no counterpart in 
any other navy. As we have over 2,000 miles of seacoast on 
the Atlantic, over 1,200 on the Gulf, and over 1,000 miles 
on the Pacific to defend, we need more rather than fewer 
navy yards. The establishment of a-great naval base on 
the southern California coast is a national necessity, for 
the distance between San Francisco and Panama is over 
3,000 miles. If Germany could afford to spend over $75,- 
000,000 in the upbuilding of Wilhelmshaven, surely we 
ought afford to spend one-fourth of that amount for the 
upbuilding. of a naval station at some point nearer to 
Panama than San Francisco. 


AT LEAST FIVE GREAT NAVAL STATIONS REQUIRED ON THE 
ATLANTIC COAST, ONE ON THE GULF, AND THREE 
ON THE PACIFIC. 


At least five great. naval stations are required on the 
Atlantic coast, one in the Gulf of Mexico, and three in the 
Pacific, mere | 

Modern dockyards, both to the northward and southward 
of Cape Hatteras, must be provided to meet the demands 
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of any fleet called: upon to undertake the defense of the 
Atlantic coast. If there is not a possibility of our engaging 
in war with ‘a combination of powers, or with the greatest 
of naval powers, is not our existing fleet ample for our 
future needs? The necessity for more battleships is urgent, 
but even an enlarged fleet is likely to meet with defeat if 
. there is not effected a corresponding srevehofatieht of our 
naval stations. 

As regards the Boston and New York Navy Yards, due 
to their comparatively limited areas, efficient extension can 
only be accomplished to a limited degree. 

When reviewing the navy-yard problem as a whole, it is 
well to remember that the terminal commercial water front- 
age and pier facilities at practically all of our leading sea- 
ports on the Atlantic coast are becoming even now inade- 
quate to handle expeditiously the increase of freight traffic 
at these ports. The collector of the port of New York 
has stated that the commerce of that. city is already con- 
gested; and that some of the commerce of the port should 
be deflected to other harbors. It has been asserted by 
transportation experts that unless the wharf terminal trans- 
portation facilities of some of our eastern cities are soon 
extended, it may be only a few years before water-front 
traffic congestion may seriously affect the cost and distribu- 
tion of the food supply of those ports. It is, therefore, 
possible that, even within a single generation, the demand 
may come from the maritime associations and the railroad 
transportation systems of the country that the question of 
abandoning certain navy yards should be given serious con- 
sideration by the Navy Department, since the extension of 
one or more miles of commercial quay-wall facilities may 
have a far-reaching effect in improving the transportation 
facilities of ports like Boston and New Lipson and in lowering 
the ‘cost of living. 

If our naval stations are to be developed only to meet 
certain artificial and favorable conditions conforming to a 
regular docking schedule, whereby the ‘various ships of the 
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fleet can be ‘sent to particular navy yards for repairs at 
regular periods of each year, it is certain that these stations 
will be found woefully deficient in times of emergency. 
Under the stress of war, regular docking schedules cannot 
be maintained. Both the character and extent of the re- 
pairs required upon battleships in wat time will be much 
more important than when the ships are operated in peace. 

Fleets and naval stations exist for the needs’ of battle. 
Hence the military and industrial resources of the navy 
yards must be adequate to satisfy emergency war require- 
ments, and a large reserve of shop equipment’ must be pro- 
vided for each naval station. In order'to prepare the naval 
stations for such conditions the initial outlay for develop- 
ment may seem excessive as compared with the limited ex- 
penditure that might be required to keep them going to 
meet peace requirements. * 


OUR LACK OF MODERN DRY DOCKS. 


The United States now possesses but three dry docks 
capable of receiving the largest battleships under construc- 
tion. These three graving docks, located at New York, 
Norfolk, and Puget Sound, will not’meet our naval needs 
even of a few years hence. A fourth dock has been 
authorized for Pearl Harbor, Hawaii, but it is not due 
for completion until July 1, 1918. _Only one of these docks 
is over 828° feet long and therefore may be the only one 
that will dock certain war vessels that we are projecting. 

Probably one-half of the coastwise ship construction of 
the Atlantic coast is done on the Delaware River, and ‘yet 
neither the Philadelphia Navy Yard nor any private ship- 
building plant on the Delaware River’ possesses ‘a dry dock 
capable of receiving our latest battleships. 

Germany has’ docks at Hamburg, Kiel, Bremerhaven, and 
Wilhelmshaven. With one-twentieth' of ‘the seacoast that 
we possess, ‘Germariy thas today’ one more —— dry dock 
than the United States. 

We have been able, after a fashion; to’ dock all our ships 
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by maintaining a special docking schedule whereby the re- 
spective ships.of each squadron can be sent in turn to 
particular navy yards at regular periods of each year. In- 
dependent of the additional large modern graving dock that 
is projected to be built at Norfolk, does it not appear 
imperative that equally large dry docks should likewise 
be provided at other points on the Atlantic and Gulf coasts 
and particularly at Philadelphia, Charleston, and at some 
point on the Gulf? At least two more such docks are 
needed in the Pacific. If each annual naval appropriation 
bill for the next six years contained an authorization: for 
a new dry dock, an interval of at least 10 years would 
elapse before the last of these docks could be completed. 

The industrial and military importance of constructing a 
great naval base at Pearl Harbor cannot be overstated. We 
can never hope to be any important factor in controlling 
the commerce of the Pacific until we provide assured docking 
facilities at Hawaii, and for a time at least the docking of 
all very large merchant vessels at American ports on the 
Pacific will have to be done at our navy yards. 

If we are to have a Navy capable of protecting our out- 
lying naval stations and colonial possessions, it is as. im- 
perative to adequately develop naval bases as it is to build 
battleships. It is simply recognizing the inevitable, however, 
to appreciate the fact that the complete industrial and 
military development of the naval stations on the South 
Atlantic, Gulf, and Pacific will not be sacrificed to build up 
Guam and Guantanamo. Such action would not commend 
itself to the spirit and purpose of America. 

As regards the graving docks at Panama, these docks 
would probably, in time of peace, give preference to the 
merchant vessels passing through the canal. The possi- 
bility of the destruction of the Isthmian dry docks, taking 
into consideration their location and ‘relation to the canal 
itself, should make us somewhat apprehensive as to whether 
these docks will, in time of war, reliably serve all the far- 
reaching purpose that. prompted their construction. 
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The naval dry-dock problem is exceedingly.important 
from an industrial, military, or strategic standpoint. It 
can also be expected that there will be periods when one 
or more of the modern naval dry docks will, from some 
unavoidable cause, be found temporarily unserviceable. The 
dock repairs upon a single vessel might extend over a period 
of many months. 

The question is thus well worthy of consideration as to 
whether both naval and national interests would not be 
subserved, by deflecting, if necessary, the appropriation for 
at least one battleship to the construction of four or five 
modern dry docks. It is well to remember, also, that the 
time required to build a modern dry dock will exceed that 
required to build the largest battleship contemplated. 
Further, it is probable that, under special contingencies, we 
might purchase battleships abroad in advance of a formal 
declaration of war. We sold, under approximately these 
conditions, the battleships Jdaho and Mississippi. 

If various Commonwealths, municipalities, or commercial 
interests, however, can be induced to build such docks, 
under special agreements with the Navy Department, the 
number of naval docks that should be built by the Govern- 
ment in those special localities might be correspondingly 
reduced. All new graving docks should be capable of re- 
ceiving the largest steamers that we might hire or purchase 
for naval or military purposes. 

As the commerce of the South Atlantic and Gulf coasts 
does not, and may not for years, justify the construction 
of modern commercial dry docks in those locations, the 
building of stich structures at our naval stations on the 
South Atlantic and Gulf coasts should be promptly begun. 
The restoration of the American merchant marine upon the 
high seas would be greatly promoted if all our naval sta- 
tions possessed modern dry docks, deep-water piers, and 
powerful stationary cranes which could be utilized by the 
commerce of the respective ports. 

With an increase in the number of dry docks, there should 
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be provided more piers at. all our naval stations; The naval 
demand is but following the extensive commercial demand 
for more and deeper piers. ‘The increased pier facilities 
being ‘made at every great port of the world is index of 
what we need at our naval stations. 


DOCKYARDS POSSESSED BY GREAT BRITAIN. 


We may well take a lesson from England with regard 
to the industrial and military value of the dockyards... When 
that nation regarded France alone as its probable naval foe, 
the Admiralty established dockyards at Chatham, Haul- 
bowline, Pembroke, Keyham, Portsmouth, -and Sheerness. 
With the revival,of the United States as a naval power, 
England commenced the development of dockyards at 
Halifax, Bermuda, and Esquimault, and undoubtedly had 
expectations of establishing such a base at Hawaii. 

For naval and maritime purposes in the Far East, Eng- 
land established a naval station at Hongkong. For the 
future protection of South Africa and Australia, there was 
built the extensive station at Simons Bay, Cape of Good 
Hope. For naval operations in the Mediterranean, there 
were: developed the dockyards at Gibraltar and Malta. 

With the advent of Germany as a possible naval rival, 
the British Admiralty commenced constructing on the east 
coast of Scotland the great naval station of Rosyth, whose 
development up to 1914 contemplated an expenditure of 
$24,000,000.. Four graving docks, capable of receiving any 
British vessel, afloat or projected, are now under construc- 
tion, or have been completed at this station.. 

Even before the commencement of this war ‘here had 
been expended about $10,000,000 upon the dockyard at 
Simons Bay, Cape. of Good Hope. At Portsmouth, Eng- 
land, two new dry docks have been lately completed at a 
cost of $6,500,000. | 

England has likewise hundreds of commercial graving 
and floating docks, and thousands, of berthing piers. for 
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her mercantile .marine, which structures could in part be 
used for naval purposes. The Admiralty, however, deemed 
it necessary to develop naval dockyards both, at home and 
throughout the world, although there was available for the 
use of the British fleet the right of way to the many colonial 
shipbuilding plants controlled by her subjects. 

In contrast to our apparent indifference to dry-dock con- 
struction Great Britain has systematically carried on the 
work of dry-dock extension along with the augmentation 
of her fleet. Never has the Admiralty outlined an extensive 
program of warship construction without providing for 
additional dry docks to receive the battleships authorized. 

At no period, however, in her history has Great Britain 
pursued any policy that would encourage the development 
of outlying naval bases at the expense of the home stations. 
Her policy has been to first make her home coast both an 
impregnable wall of defense and a base for shipbuilding, 
and then to take up the question of the development of the 
outlying naval bases. Dominance of distant seas has fol- 
lowed, not preceded, the defense of the home coast. 


WHAT CONSTITUTES A COMPLETE MODERN NAVAL STATION ? 


If most of our various naval stations wére really what 
they were presumed to be, it might appear that we had a 
considerable number of navy yards. Considered, however, 
from the standpoint of lack of dry-dock and berthing-pier 
facilities, or from the inadequate character of the industrial 
shops’ for meeting war requirements, then the extent of 
our naval industrial activities is ee more limited and 
unsatisfactory than is realized. 

It is not possible to develop, in a brief period, any great 
naval dockyard or naval base anywhere in this country. 
England’s experience in building a great dockyard at Rosyth 
in Scotland js illustrative of the extended time required for 
completing such a, project. 

The, Board of Inspection for, Shore Stations gave, special 
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consideration to the question of the requirements demanded 


of a great naval base. Upon this particular subject the 
Board reported as follows: 


“Tt would require an expenditure of probably tens 
of millions of dollars to develop any great station in a 
manner whereby it might contain nearly all the mili- 
tary and industrial advantages now possessed by even 
a majority of the separate navy yards: No single sta- 
tion that has been established, or even contemplated, 
could possibly possess even a majority of the follow- 
ing advantageous features now obtainable in part at 
some existing navy yard: Security from bombardment ; 
sufficient depth of water adjacent and in approaches, 
combined with ample maneuvering and anchorage area 
for a large number of vessels of deep draught in or 
out of trim; sufficient water front with satisfactory 
contour for berthing a large number of vessels of deep 
draught adjacent to the industrial shops; sufficient ter- 
ritorial area for the necessary dry docks and work- 
shops, storehouses, quarters for officers and men, and 
drill grounds; good foundations for dry docks; dock- 
ing at any stage of the tide; good transportation fa- 
cilities, both by rail and water; good material market 
near at hand; a large skilled-labor market ; good, health- 
ful climate, with little interference to out-of-door 
work; a plentiful supply of fresh water. No nation 
possesses or probably ever will possess such a naval 
station, and it may be that all-around naval efficiency 
is, under certain contingencies, as well promoted by 
having these advantageous features distributed at va- 
rious stations somewhat remote from each other as 
would be the case if all were concentrated at one place.” 


The development of a great naval base is a project that 
is very difficult to accomplish, particularly for the United 
States, since we have comparatively few great harbors. 
Neither’ the anchorage ‘grounds of New York’ Harbor nor 
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Narragansett Bay, considering the extensive demands of 
commerce and the channel conditions at those ports, warrant 
the consideration of either place as a possible great naval 
base. Has not the commander-in-chief of the Atlantic 
Fleet already spoken of the lack of anchorage grounds in 
Narragansett Bay? 


CONCENTRATION OF NAYAL STATIONS. 


Every maritime nation is eventually compelled to aspire 
to the possession of an efficient navy, whose development 
necessitates a system of naval bases. 

The considerations governing the location and develop- 
ment of primary and secondary naval stations are so varied, 
numerous, and important that there always will be a differ- 
ence of opinion as to where they should be located. Certain 
of our naval experts formulated the conclusion about three 
years ago, that only two are required on the Atlantic coast. 
This conclusion will never commend itself either to the 
Naval Committees of the Congress or to the people of the 
United States. 

The country will not depend for its production of muni- 
tions of war and the repair and construction of ships on 
a narrow stretch of land between Cape Cod and Cape Henry. 

We might have a great army and a great navy, and still 
be at the mercy of an enemy, unless there has been adequately 
developed at other points on the Atlantic coast and the 


Gulf of Mexico, as well as on the Pacific coast, efficient 
naval bases. 


TWO GREAT HOME BASES CAN NOT POSSIBLY MEET AMERICAN 
NAVAL DEMANDS ON THE ATLANTIC COAST. 


Within a year from the time when Narragansett Bay 
and Norfolk were recommended as the logical sites for the 
two great home bases contemplated, our experts had changed 
front on this question by substituting New York for Nar- 
ragansett Bay. - When it is; remembered that’ thesCapes ‘of 
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Virginia are less than 800 miles distant from Montauk 
Point, the country will never accept the conclusion, ‘that 
two: great home bases so close to each other as either New 
York and Norfolk, or Narragansett Bay and Norfolk, could 
meet the industrial demands of a fleet large enough to 
protect our interests on the Atlantic coast, at the Canal 
Zone, and in the Caribbean. 

The suggestion to concentrate at two great naval bases 
the important industrial facilities necessary for the Atlantic 
fleet will never develop into a verity. Such a suggestion 
will never commend itself to a national body like the Con- 
gress of the United States. Our navy yards should not, 
can not, and never will be concentrated by that body in 
any limited regional district of a few hundred miles, for 
such a suggestion will not stand the test of either study or 
time. 

As regards naval operations on the Atlantic coast, our 
naval policy of defense must be based upon several possi- 
bilities. The first possibility, although it may be remote, 
is that we may have to contend on the sea with a nation 
operating both from the North and the South. For the 
first contingency there should be provided a strong naval 
base at some point north of Nantucket and therefore the 
Portsmouth, N. H., station should be extensively developed. 
For the second contingency, since every recognized naval 
strategist regards the Caribbean as the probable center of 
great future naval operations, and since we must always 
keep a strong fleet available for the defense of the Isthmian 
Canal, one great naval base should be established on the 
Atlantic coast somewhere between Cape Hatteras and St. 
Augustine and another on the Gulf of Mexico. 

The nation at large will never commend a policy that 
relies upon two home bases, located between the Virginia 
Capes and Nantucket ; for the defense of the Isthmian Canal; 
for naval operations in the Caribbean; for the protection of 
our possessions in the Antilles; and for the defense of: the 
Atlantic)and: Gulf coasts. The proposition simply discredits 
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the judment of naval officers in general. In expressing this 
view; one need. not depreciate in any degree the great military 
possibilities:of the lower Chesapeake Bay as a concentration 
and maneuvering point for the fleet. 

When there is considered the extent of our coast line on 
the Atlantic and Gulf coasts; when it is remembered that 
certain seaports of our neighbors and important harbors in 
the Carribean and South America might be used for bases 
against our fleet, this country will never rest content to rely 
for its defense along the whole Atlantic, upon two naval 
home bases, both located north of Hatteras. 


LIMITS OF THE ANCHORAGE OF A NAVAL, STATION. 


One of the reasons advanced for recommending New 
York Harbor, as a site for one of the two great home bases, 
was that the anchorage of this base would extend from the 
fortifications at Sandy Hook, through Long Island Sound, 
to the fortifications of the eastern approaches on Fishers, 
Plum, and Gull Islands. If such is the extent of the anchor- 
age of New York, why do not our battleships, when pro- 
ceeding from the New England ports to New York, make 
their way to the latter navy yard through the short and 
direct passage through Long Island Sound ?- Why does not 
the anchorage of Norfolk extend both northward to Balti- 
more and_eastward to Lynn Haven Bay? Why does not 
that of Philadelphia extend to the capes of the Delaware; 
that of New Orleans to the Passes, and northward to Baton 
Rouge; and that of /Key West to Miami? Does not the 
anchorage ground of Mare Island, according to this. rea- 
soning, extend to the Golden Gate; that of Narragansett 
Bay to Block Island, Nantucket, and Providence; that of 
Charleston, S. C., far up. the Cooper River; and that of 
Bremerton to the entrance to Puget Sound? If such ex- 
treme liberality is extended in determining the anchorage 
grounds of the New York Navy Yard, why should not equal 


consideration be given to extending the anchorage facilities 
27 sees 
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of every other naval station that we possess? As a matter 
of fact, the anchorage of a naval base only extends to a point 
where the resources of the harbor can be efficiently utilized 
in provisioning, coaling, and handling the supplies and re- 
pairs of the ships. 


IS IT ECONOMICAL OR DESIRABLE TO CONCENTRATE NAVAL 
_ STATIONS? 


The doctrine which was preached about two years ago, 
that the fewer the naval bases the more economical their 
operations, has about been exploded. Is there one Euro- 
pean nation now at war which would not have regarded it as 
of great advantage to have more widely dispersed their 
manufacture of munitions of war? The capture of the 
Belgian and Serbian arsenals (for in each of those coun- 
tries the ordnance factories were concentrated in a single 
city) affords all the evidence necessary to dispel the fiction 
that concentration of military industrial activities is com- 
patible with national safety. There is not a large indus- 
trial manufacturing concern in this country which does 
not find it even of financial advantage to distribute its 
industrial activities to points far distant from each other. 
The Locomotive Trust now builds locomotives in New 
Hampshire, Massachusetts, New York, Pennsylvania, Ohio, 
and other States east of the Mississippi. Why does not 
this corporation concentrate its activities in a few places? 


THE NAVAL STATION AT PORTSMOUTH, N. H. 


Of all our navy yards, the one which has been subjected 
to the most continuous undeserved attack is that at Ports- 
mouth, N. H. It is pictured as a naval station whose chan- 
nel is not only tortuous and dangerous, but one which 
freezes up in winter, while as a matter of fact, due to the 
special tidal currents of the Piscataqua River, this harbor 
has only frozen up once during the past 50 years. 

The channel leading to this navy yard from the sea is 
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500 feet wide—wider than the channel leading to either 
the Boston, New York, Philadelphia, or Norfolk Navy 
Yards. The controlling depth of the Portsmouth Channel, 
at mean low water, is 40 feet. It is one of the easiest 
channels on the North Atlantic coast to enter and depart 
from. Is not Gibraltar nearer the sea than Portsmouth, 
and are not the buildings and docks of Gibraltar exposed to 
gunfire from seaward? Despite the criticism of those who 
apparently have no knowledge of its industrial possibilities, 
the Portsmouth Navy Yard will yet develop into one of 
the most important that we have. By developing the Isles 
of Shoals into a modern destroyer and submarine base, 
no enemy would even dare to attempt the blockade or bom- 
bardment of Portsmouth. The marked manner in which 
the British fleet steers clear of Heligoland and Wilhelms- 
haven best tells of the military possibilities of the Isles 
of Shoals in protecting the New England seaports to the 
north of Cape Cod. 

One of the most important means of providing for the 
defense of Portland and Boston would be to develop, at 
the Isles of Shoals, a great base for submarines and de- 
stroyers. With the resources of the Portsmouth (N. H.) 
Navy Yard to sustain such a base it would be-a reckless 
commander-in-chief of an opposing fleet who would attempt 
a blockade or attack upon any part of our coast within 50 
miles of this offshore base. 

The naval station at Portsmouth, however, is there to 
stay, since it is urgently needed to meet the naval demands 
of the future. This navy yard needs another dry dock, 
together with additional berthing piers and industrial shops. 
The aspersions cast upon the military value of this naval 
station tells of the lack of knowledge of those who have 
attempted to check its development. At one-third the cost of 
a battleship there could be constructed at this navy yard a 
modern dry dock, likewise three deep-water piers, necessary 
industrial shops, together with the development of the Isles 
of Shoals as a base for submarines and destroyers. The 
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program for the enlargement of the fleet ought not. to be 
reduced, but the writer believes that the naval shore develop- 
ment and extension thus recommended would mean more to 
national defense than the building of a battleship. 


NAVY YARD, PHILADELPHIA. 


The extensive water front of this station, its proximity to 
many of the leading commercial shipyards of the country, its 
advantage as regards obtaining material and labor, its im- 
munity from capture, its extended territorial area, and its 
general possibilities of development make it the logical navy 
yard for the construction of battleships and other large types 
of naval craft of heavy displacement. It possesses the most 
distinct advantages for the location of the large central 
foundry that is an imperative naval need. It should be de- 
veloped likewise into the most important manufacturing 
naval station that we possess. It is lamentably weak as re- 
gards its industrial shops, the design of these buildings not 
being conformable to the engineering needs of today. It is 
inexplicable that this station does not possess a modern sta- 
tionary or floating crane of high hoist, long reach, and of 
200 tons capacity. Even more inexplicable is the fact that 
this station does not possess a modern dry dock, capable at 
least of receiving the largest dreadnaughts now under con- 
struction for the Navy. 


NAVY YARD, NORFOLK. 


The inestimable advantage and superiority of. Hampton 
Roads as an assembling and concentration base for the fleet 
make it.certain that this navy yard should be developed into 
the. most important one. that we possess. on the: Atlantic 
coast, particularly as regards the feature of ‘ supply,” which 
embraces emergency repairs and docking of hundreds. of 
vessels. It must be.a source of wonderment to shipbuilding 
and engineering experts to. behold a collection of antiquated 
and)even- unsanitary, industrial shops absolutely unsuited for 
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the important work conducted at the yard. The quay-wall 
facilities should be materially extended, since this station, 
of all others, should have a reserve of berthing space to 
meet the unexpected and excessive demands constantly aris- 
ing in this direction. The industrial needs of this navy 
yard were specifically pointed out in a report submitted in 
1914 by the Board of Inspection for Shore Stations. Its 
transportation demands are of the most extended character, 
justifying along this line heavy expenditure. 


OUR SOUTHERN NAVAL STATIONS. 


For about 10 years some of our strategists were calling 
for the permanent closing or abridgment of the industrial 
activities of the southern naval stations. Fortunately for 
the interests of the Navy and the Nation, the effort to close 
the Charleston (S. C.) Navy Yard was thwarted through 
the far-seeing judgment and determined opposition of Sena- 
tor Tillman. With regard to the naval stations at Key 
West, Pensacola, and New Orleans, the operations of all 
three stations should be materially extended. 

Either at Pensacola or at New Orleans there should be 
developed a large, naval base to meet the vast: military 
demands that will eventually arise in connection with the - 
defense of the Isthmian Canal. Whether or not we need an 
outlying naval base at Guantanamo, the protection of the 
Isthmian Canal demands the development of a large naval 
base on the Gulf of Mexico. — 

One of the ablest American writers and aititnciee!: upon 
naval affairs is Prof. William L., Cathcart, a graduate of 
the Naval Academy, and a former Officer, of the Navy. 
In writing upon the Panama Canal as a breeder of war, 
Prof. Cathcart thus comments : 


“With regard’to the future of the anal there are 
two facts which cannot ‘be emphasized’ tdo’ ‘strongly. 
First, barring the Monroe doctrine, there is no policy 
or possession of the United Statés which is more likéely 
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to breed war for its retention than the world prize— 
the canal Second, should we be too weak to defend it 
in war, all of its military advantages would pass to the 
enemy which togk it. In that event its construction 
will simply have weakened us immeasurably, for 
through it we shall have opened a gateway for the na- 
tions of Europe to our Pacific coast and our overseas 
possessions beyond. 

“That these forecasts have sound bases in history 
the story of the Suez Canal proves. It was built for 
Egypt by France; it has passed, seemingly for all time, 
to England. The vital necessity for a British highway 
to India predetermined its ultimate ownership. Be- 
ginning with Gibraltar, England slowly through long 
years acquired Malta, Cyprus, Perim, and Aden. The 
missing link was the canal, and Disraeli secretly bought 
a large, almost a controlling, interest in its shares. 
Then, in 1882, England entered Egypt ‘to restore or- 
der.’ Now, in 1916, after uninterrupted occupation, 
she proclaims a protectorate over that land of sun and 
sand, and holds the canal in a grip that will never 
loosen. 

“For fifty years and more the history of the Car- 
ibbean has been marked by European intrigue. Were 
it not for the European war we should now have ac- 
tive demonstration of this influence in Haiti and Mex- 
ico especially. With this world problem looming large 
in the near future, with that world prize—the Panama 
Canal—as the chief stake, is it likely that a country in 
a military and naval sense so weak as ours will be al- 
lowed to hold for long its present predominance or its 
coveted possessions in this sunlit sea?” 





The Canal Zone can only be defended on the Atlantic 
side from a naval base located on our own shore. It can, 
and possibly will, be attacked from the Pacific coast side. 
As nearly all the industrial establishments of this country 
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are east of the Missouri and Mississippi Rivers, the logical 
naval base for the defense of the Atlantic end of the canal 
is at some coastal point on the Gulf of Mexico. 


THE DEVELOPMENT OF THE CHARLESTON, S. C., NAVAL 
STATION A MILITARY NECESSITY. 


Charleston, S. C., has the same tariff freight rates to the 
coal fields of Virginia as Norfolk. . As it has. likewise 
modern coaling piers, high-grade fuel can be shipped as 
cheaply from Charleston as from. Norfolk or Newport 
News... It is an extensive and important center for dis- 
tributing fuel oil. 

Every railroad system traversing the coastal region be- 
tween the southern Appalachians and the sea has terminal 
piers at this port. It has more deep-water frontage and 
deep-water anchorage ground than any harbor on our South 
Atlantic coast. It is the logical and national deep-water 
Atlantic terminal seaport for the industrial activities of 
East Tennessee, South Carolina, and the southern portion 
of North Carolina. 

No American fleet could operate for a protracted period in 
the Caribbean without establishing on the Atlantic coast a 
naval base south of Cape Hatteras, and Charleston is the 
only port on that stretch of coast which can be adequately. 
developed into such a base. 

Despite the expenditure involved. in pa development 
(and the ultimate outlay should not be less than $8,000,000), 
this important work. should -be. commenced without delay. 
A modern dry dock should be constructed; at least two 
deep-draught battleship piers built; a 150-ton stationary or 
revolving crane installed; additional industrial shops and 
storehouses obtained; a magazine for powder. and. pro- 
jectiles provided; a suitable hospital established ; additional 
barracks erected; and the channel. to the sea improved. 
The development of this station means more to naval pre- 
paredness than the building of even two battleships, for it 
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would compel every possible naval foe to extend its battle 
line several hundred miles, and at least a half dozen more 
opposing ships would have to be employed in ‘such service. 


THE STRATEGIC IMPORTANCE OF DEVELOPING THE KEY 
WEST NAVAL STATION. 


Probably no naval officer has given more intelligent and 
thoughtful consideration to the study of the military and 
strategic importance of Key West as an important and 
necessary naval base than the late Commodore William H. 
Beehler, United States Navy. His reports are worthy of 
careful consideration. 

It is regrettable that in a general review of the navy-yard 
problem only brief reference can be made to the exhaustive, 
thoughtful, and valuable study of Commodore Beehler as 
to the strategic importance of this harbor. 

The development of the Key West Naval Station is in 
some respects a distinct military problem. Its claims should 
also be carefully considered, however, in connection with 
the extensive work which should be immediately ‘com- 
menced at Charleston, Pensacola, atid New Orleans. 

The report of the Board’ of Inspection for Shore Stations 
dated August 9, 1918, shows the necessity of developing this 
naval station. At least $2,000,000 should be expended at 
Key West for piers, berthing slips, and industrial ‘shops, 
together with the building of a ‘breakwater and basin‘ for 
the safer berthing of «destroyers; submarines, and other 
Government vessels. In’ some respects one’ of the ‘ most 
important demands of the Navy' is the immediate ‘develop- 
ment’ of Fleming Key as an assuréd and extensive reserve 
supply of fuel oil; coal, and ammunition. There is no fea- 
ture corinected’ with the development of ‘our shore stations 
that should be given precedence to the important work that 
should be undertaken at’ Fleming Key, since the enlarge- 
ment of the fuel base at Key West may vitally concern nthe 
operation of the*fleet in the West Indies. 
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The West Channel entrance to Key West, when prop- 
erly marked: by buoys, is good for 28 feet. With a:mod- 
erate amount of dredging, followed by dragging, an assured 
depth of 30 feet can be obtained. . The importance of com- 
manding the Florida Channel has always. been recognized 
by our naval experts, and Key West should be made the 
primary home base of a very large number of destroyers and 
submarines. : 


NAVAL STATIONS AT PENSACOLA AND NEW ORLEANS. 


The military necessity for closing the Pensacola and 
New Orleans naval stations was thus urged ‘by one of our 
naval experts less than two years ago, who wrote: 


“To consider any point so far withdrawn. from the 
inevitable field of action, in case of a naval war in the 
Atlantic, as are either Pensacola or New Orleans as a 
base, is not only to violate every principle of reason but 
of common sense as well. ‘That neither is needed for 
the maintenance, and upkeep of the fleet has already 
been demonstrated. by their .actual closure for several 
years. The. only logical conclusion that can. be drawn 
from this is that economy of means and the best good 
of the nation. require that their closure shall be per- 
manent and that both should only be viewed as fortified 
ports.of refuge,in case of general disaster.”’ 


As pertinent to the: above opinion, which has been abso- 
lutely discredited by the naval events of the past year, it may 
be well to inquire if operations off the east Mexican coast may 
not not be regarded as’naval operations in the Atlantic. The 
magazine containing such expression of these views had 
probably not reached some of its distant subscribers: before 
the Congress; upon the recommendation: of. the Navy De- 
partment, and under the stress'of possible temporary occu- 
pation of ‘certain Mexican seaports, reappropriated all un- 
expended: balances for the development of the .New Or- 
leans station, which had either been ‘unused: or ‘had: lapsed. 
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If we require the services of gunboats, torpedo boats, de- 
stroyers, colliers, repair ships, hospital ships, and transports 
for service in the Gulf and in the Caribbean, is it not a 
military necessity that the splendid floating dock at New 
Orleans should be utilized to its maximum capacity, and 
that the industrial shops of that station should be reopened 
and enlarged in order to make necessary repairs to the 
vessels that will have to be docked at that station? 

Has not likewise the naval station at Pensacola within 
the past year been reopened as an aviation center, and is 
there not already urgent call for an increase in the facilities 
for aviation experimental and research work? Would any 
naval officer now call for the permanent closing of the 
Pensacola Navy Yard, and would not an outlay of at.least 
several million dollars at that station for aviation and other 
purposes promote national preparedness? 


OUR NAVAL STATIONS ON THE PACIFIC COAST. 


For every important reason that can be advanced for 
the development of the eastern navy yards, some equally 
convincing reason can be given for the improvement and 
extension of the Pacific naval stations. 

In view of the slides that have occurred at the Canal 
and the dynamiting of munition factories in the United 
States during the past year it will be seen that the Panama 
Canal may be so seriously obstructed or injured as to 
entirely prohibit traffic passing through it at a critical time. 

Measured, therefore, from different, although equally 
important viewpoints, the problem of the navy yard on 
the Pacific coast is as critical and far-reaching as that on 
the Atlantic and Gulf. Could not, therefore, an expenditure 
approaching that required for the construction of a battle- 
ship be profitably applied in the more complete development 
of the Puget Sound, Mare Island, and Pearl Harbor naval 
stations as well as in the establishment of one to the south- 
ward of San Francisco? 
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COMPETITION SHOULD BE DEVELOPED BETWEEN THE NAVY 
YARDS AND THE COMMERCIAL SHIPBUILDING 

ESTABLISH MENTS. 


The future interests of the commercial shipbuilding es- 
tablishments engaged in naval construction, as well as the 
efficient development of the navy yards, will best be pro- 
moted if there is well recognized and fair competition be- 
tween the navy yards themselves, as well as between the 
navy yards and the private shipyards, 

While it is admitted that certain commercial establish- 
ments, as well as particular navy yards, by reason of local 
and other. conditions, can do work along certain lines, in a 
more efficient and economical manner than can be done 
elsewhere, no such establishment, whether commercial or 
national, should be given a monopoly of any form of ship 
construction or industrial manufacture. There should be 
certain well-established principles enunciated by the Navy 
Department, in regard to the distribution of naval work, 
and amongst these principles should be the following: 

(a) In general, the fact should be recognized that the 
navy yards can not turn out work more expeditiously and 
economically than the commercial plants. The problem of 
what constitutes indirect and overhead charges is viewed so 
differently by the naval officials and shipbuilders. that com- 
petitive bids received from navy yards and commercial 
shipyards can not tell the actual cost of work done at the 
respective plants. 

(b) Under no consideration should there be assigned to 
the navy yards more than one-half of the work involved 
in the building of any type of fighting craft or naval aux- 
iliary, or in the manufacture of naval guns, war munitions, 
or industrial appliances of any character whatever. 

(c) Where the estimated cost of navy-yard, work ex- 
ceeds by 20 per cent. the bid by commercial plants, the navy 
yards should in general be debarred from being assigned 
the manufacture of such appliance. 
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(d) Even where any ‘particular navy ‘yard shows its 
ability to’manufacture cértain ‘appliances in a more eco- 
nomical manner than at other naval ‘stations or commercial 
plants, not more than one-half of such work should be as- 
signed that particular naval station. The remaining half 
of such work should be distributed amongst other naval 
stations or given to private firms, in order that a healthy 
competition for the manufacture of such articles might be 
aroused. Such a distribution of work would also provide 
for emergency conditions, as in the case of the accidental 
or wanton destruction of buildings or machinery of any 
commercial or national establishment. The destruction of 
any plant having a ‘monopoly or doing the bulk of any kind 
of work would interfere for a considerable time with the 
production of an adequate output of some important article 
of supply required for the needs of the fleet. We ought 
therefore always provide reserve plants for the manufac- 
ture of every article or appliance required by the Navy. 

(e) The field of competition as regards the manufacture 
of all naval appliances should be kept open and made as 
broad as ‘possible. The development of at least two navy 
yards on the Atlantic coast and’ one on the Pacific to carry 
on every distinctive military feature of manufacturing en- 
terprise would’ always insure to the department an efficient, 
expeditious, and adequate output of merenws and import- 
ant’ supplies. 

(f) The department should thus establish a definite policy 
of refusing to definitely assign to any navy yard the ex- 
clusive manufacture of any special article.’ There are, of 
course, stations like the Naval Gun Factory that were estab- 
lished for a definite industrial purpose; and work’ of that 
character should, as a rule; go exclusively to’ stich’ plants. 
And yet there are industrial experts who are amazed that an 
establishment of this character was located in a city that 
advertises itself as a social and official center.’ 

(g) It may be'that, through changes in the directive and 
administrative personnel of cettain navy yards by the as- 
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signment of special work to these places and by an extension 
of their equipment, certain stations might be developed to 
a. condition whereby they could be enabled to carry on; work 
in a far more satisfactory and expeditious manner than had 
been done under previous conditions.. Every station should 
clearly be given to.understand, however, that it had no 
vested right to a monopoly of work of any kind, and that 
the failure to do work in an economical, expeditious, and 
efficient manner would result in diverting the work to sta- 
tions where more satisfactory results could be obtained. 

(h) Even such establishments as the Washington Gun 
Factory and the torpedo station at Newport should not be 
given a monopoly of auxiliary work of a character like that 
of the manufacture of torpedoes, projectiles, shell, powder 
cases, etc., for there is little doubt that all of such work 
could be done as expeditiously and as economically at va- 
rious navy yards. as at distinctly ordnance plants, particu- 
larly as these special ordnance plants are not located in the 
vicinity of the metal-industry centers. 


NO NAVAL STATION SHOULD BE SPECIALLY FAVORED IN 
CONTINUITY OF EMPLOYMENT OF ITS ARTISANS. 


It is important to note that at certain naval stations, and 
this has been notably the case at the Washington Gun Facto- 
ry, discharges in the workmen’s force, for the past 12 years, 
have probably not varied even as much as 5 per cent., while 
at other naval stations the variation has been as great as 50 
per cent. It surely seems important that the skilled technical 
complement of one naval station should be kept intact as 
well as that of another. In fact, if any discrimination is 
to be shown it would appear that the smaller yards might 
be given the preference in this respect, since skilled me- 
chanics, discharged from the larger navy yards, ought to 
have a more reasonable chance of securing employment at 
their own or at assimilated trades, in larger cities, than they 
would have in the smaller towns. 
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In order to insure more steady employment at all our 
navy yards for a complement of skilled artisans, the manu- 
facture of cartridge cases, spoons, torpedo tubes, powder, 
shell hoists, and other ordnance accesories, now manu- 
factured at the Washington Gun Factory, should be de- 
flected to other naval stations. There are no impelling 
industrial or military reasons why all such accessories should 
be made in the same establishment where heavy ordnance 
is manufactured. There is some work being done daily at 
every naval station which is as difficult as gun construction, 
‘and therefore there is no doubt but that such ordnance ac- 
cessories could be manufactured as cheaply, expeditiously, 
and as efficiently elsewhere as at the Washington Gun Fac- 
tory. 


THE EFFICIENT TREND OF NAVY-YARD DEVELOPMENT. 


Any destructive criticism of administrative and construc- 
tive methods is unwarranted, unless the critic makes some 
recommendation that promises better results. Those who 
have had extended experience at navy yards have recom- 
mendations to make that are practical in character and are 
founded upon as much unselfishness and patriotism as are 
the suggestions made by others whose knowledge of navy- 
yard affairs is not based upon actual technical training in 
industrial affairs. 

It would be conducive to efficiency to use as a precedent, in 
formulating some broad basic plan of nayy-yard develop- 
ment, the far-reaching and thoughtful recommendation of 
Rear Admiral N. E. Mason, United States Navy, when 
reporting upon the most desirable trend of development of 
the Washington Gun Factory. 

Admiral Mason suggested that the gun factory should be 
developed and extended to an extent that would permit it 
to manufacture all gun work then required by the Navy by 
working double time (16 hours). When this had been ac- 
complished, he recommended that all extensions of the plant 
should cease, and that the gun factory should then operate 





IMPORTANCE OF OUR NAVAL STATIONS. 421 


only on an 8-hour basis, thereby permitting the remaining 
heavy ordnance work required by the Navy to be given to 
. outside commercial firms. And it is along such constructive 
lines that all our navy yards should be developed, thereby 
arranging that about half of all our naval construction work 
should be given to commercial establishments. 


FOUNDRY EQUIPMENT OF OUR NAVAL STATIONS ARE ABSO- 
LUTELY INADEQUATE FOR THE NEEDS OF THE FLEET. 


Over two years ago the Board of Inspection for Shore 
Stations submitted a series of reports concerning industrial 
conditions at each naval station on the Atlantic and Gulf 
coasts. A general analysis of these reports show that our 
naval stations had not been concomitantly developed with 
the augmentation of the fleet. 

While the shore board insistently recommended the in- 
stallation of more heavy power machine tools; the construc- 
tion of additional berthing slips, building ways, and dry 
docks; together with the erection of modern storehouses and 
industrial shops, there has not been authorized by the Con- 
gress during the intervening period any of the structures 
thus recommended, except building-ways for five naval 
stations. oe 

As regards naval foundry conditions, affairs were found 
so unsatisfactory and inadequate that the board was con- 
strained to submit a special report upon this particular ques- 
tion. The following is an abstract from this report: 


“ There is not a single naval foundry on the Atlantic 
coast which is capable of producing a casting for a 
steel stem or sternpost of a battleship. There are prob- 
ably not over two foundries which are capable of cast- 
ing a low-pressure cylinder of the size of those in- 
stalled on some of our battleships and colliers, and then 
it would require a length of time that would be intol- 
erable under war conditions. In regard to the low- 
pressure turbine casings of the latest battleships au- 
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thorized, it has been necessary to divide both the upper 
and lower casings into sections fitted with longitudinal 
flanges in-order to bring the work within the capabil- 
ities of the foundry at the New York Navy Yard. 

“ Not one single naval foundry, except that at Wash- 
ington, D..-C:, possesses a special: room for cleaning 
castings in a sanitary and éfficient manner, and there 
is not’a modern sand-mixing room at ‘any station. 
There is not a station which possessés either a suitable 
flask yard, or an efficient, economical and expeditious 
arrangement of concrete bins for the delivery, dis- 
charge or storage of bulky and necessary foundry ma- 
terials. In general, the naval foundry conditions on 
the Atlantic coast constitute a travesty upon economy 
and efficiency, and the more carefully the matter is in- 
vestigated, the more urgent appears the necessity for 
immediate action. 

“The foundry demands that now exist are small as 
compared with the demands that would come in time 
of war. The delay resulting, moreover, in producing 
special castings by resorting to. temporary expedients, 
is not in line with naval efficiency. In time of emer- 
gency, such delays might readily constitute a serious 
bar to naval operations. While the direct cost of pro- 
ducing castings under present conditions may also ap- 
pear reasonable, as measured by simple cost account 
methods, the delays frequently incurred, in improving 
methods and in effecting temporary changes, have 
probably been of an extent that makes the indirect cost 
of such castings exceedingly heavy. There is no more 
reason why delay should be tolerated in the foundry, 
in resorting to temporary expedient on account of lack 
of facilities and equipment, than. that it should be per- 
mitted to exist in the machine shop, since delay upon 
naval work is very expensive, particularly’ when it is 
remembered that the cost of maintenance of a modern 
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battleship will approximate several thousand dollars 
a day. 

“Tn. brief, the naval.foundry situation, in general, 
is such that it is not at all improbable that one of our 
battleships might have to wait six months, if not longer, 
for a. steel. stem or sternpost, shaft struts and tubes, 
turret roller tracks, low-pressure cylinder, or for cer- 
tain turbine casings. The delay experienced in obtain- 
ing the naval castings is due to the fact that the Navy 
requires material that possesses a maximum of strength 
with a minimum of weight ; and this calls for the high- 
est grade of castings, both as to quality and’as to free- 
dom from distortion.” 


Can it be doubted that the military and industrial need 
for foundries jis so urgent that the department would be 
justified, if funds could not~be obtained otherwise, in re- 
ducing the projected increase in the number of destroyers 
from 50 to 47 in order to improve the foundry situation? 

The remarkable advance of Germany as an industrial 
power can in part be ascribed to the expeditious and eco- 
nomical manner in which her foundries can turn out reliable, 
complicated, and massive gray-iron and steel castings. For 
nearly a generation in advance, of other industrial ‘nations, 
Germany had a realization of the fact that it was in the 
foundry department of modern industrial and shipbuilding 
plants that the greatest savings could be effected. Does 
not an’ exigency exist which would warrant this nation in 
making some distinctive development as regards the problem 
of the naval foundry? 


INSUFFICIENT APPROPRIATIONS ALLOTTED FOR THE UPKEEP 
OF OUR NAVAL STATIONS. 


The following is an extract from the report of the Board 
of Inspection for Shore Stations as regards conditions at 
the navy yard, New York, concerning the repair and preser- 
vation of buildings, and the conditions stated are applicable 


to other navy yards: 
- 98. 
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“Attention is called to the fact that there has only 
been allotted for the repair and preservation of the 
buildings, docks, piers, streets, and other public works 
utilities of this yard for the fiscal year 1913 about one 
and one-seventh per cent. of the total value of the plant 
—an amount absolutely inadequate to properly pre- 
serve Government property. The fact is still more 
startling that the total appropriations for repairs and 
preservation of all public buildings in our navy yards 
is only $800,000, or about four-fifths of 1 per cent. of 

‘the estimated value of the structures. 

“ The civil engineer of the station estimates that the 
annual depreciation of the navy-yard property is about 
as follows: Temporary structures on shore, 114 to 5 
per cent.; steel floating docks, 3 to 4 per cent.; tem- 
porary wharves in warm waters, 8 to 8 per cent. ; struc- 
tural appliances exposed to action of salt water, 5 to 
10 per cent. 

“It is not surprising, under such conditions, that 
roofs are leaking, floors uneven, streets unpaved, and 
buildings depreciating. Unless an adequate appropria- 
tion is obtained for necessary repairs to governmental 
property at this and other navy yards, it may happen, 
in times of emergency and just when some of these 
utilities will be most needed, that they will be found 
in such a state of depreciation that the time required to 
repair certain structures might be of such an extended 
nature as to materially interfere with the expeditious 
preparation of the fleet for sea. 

“Tt is of paramount importance to the efficiency of 
the fleet that all transportation and handling appliances, 
and particularly all piers and docks, should be kept in 
an excellent state of repair and preservation, so that 
the extreme limit of their possibilities could be utilized 
when an emergency arises. 

“The Board would be derelict in duty did it not 
frankly point out the absolute necessity of the Depart- 
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ment’s requesting appropriations for allotment ‘Re- 
pairs and preservation, which are commensurate with 
the value of the property to be maintained in an ef- 
ficient state of preservation.” 


EXCESSIVE EXPENDITURE FOR THE UPKEEP OF WAR VESSELS. 


The severe restrictions that apply in the construction of 
war vessels in floor space, height, and weight of appliances 
have no counterpart in designing merchant vessels, and 
therefore the factor of safety of the material entering into 
the manufacture of the dynamic appliances of our warships 
is small compared with the factor allowed on shore. 

The breaking of struts and propeller shafts, the cracking 
of casings and cylinders, the straining of joints, the ruptur- 
ing of boiler tubes, and the collapse of auxiliaries may 
therefore be expected to take place on the warship much 
more frequently than in the merchant service. 

Unless our naval stations are developed to an extent com- 
mensurate with the increase of the fleet, we will not only 
have the vessels laid up for months, perhaps years, but the 
cost of the work may develop into something staggering. 
Delay in conducting ship repairs involves excessive indirect 
expense, independent of the military disadvantage con- 
nected with carrying on work in this manner. 


OUTLYING NAVAL BASES WILL PROBABLY NEVER BE BUILT 
UP UNTIL HOME BASES ARE DEVELOPED. 


Important as it may eventually be to our first line of de- 
fense to have outlying naval bases in the Caribbean and in 
the Pacific, the probability of developing such stations is 
too remote to be seriously considered until we have at least 
a sufficient number of fairly equipped home bases on the 
Pacific as well as on the Atlantic and Gulf coasts. The 
unsatisfactory results that have been achieved during the 
past 10 years in the attempt to upbuild Guantanamo and 
-Olongapo shows the disinclination upon the part of Con- 
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gress to delay developing outlying stations until the more 
important home demands have been adequately met. 

As regards an outlying naval base at Hawaii, do not 
claims of that locality stand upon a higher and better plane 
than that of Guantanamo, Olongapo, and Guam. Pearl 
Harbor should be considered as a home base, and its de- 
velopment be given precedence over that of any other outly- 
ing naval station. 

No maritime power that ever existed has created great 
outlying naval bases before establishing efficient home 
stations. The outlying base is the corollary of the home 
station, and the failure to recognize this fact has heretofore 
resulted in the neglect to develop either complete or adequate 
outlying or home bases. Great Britain, even with its ex- 
tensive commerce with North and South America, has only 
semblances of great naval outlying bases at Halifax and 
at the Bermudas, for she well knew that the development 
of any great outlying bases near the United States would 
have resulted in the building of a ‘half dozen great home 
bases on our own coast. Is it not a fact that the home base 
stands for national preparedness and safety, while the estab- 
lishment of the outlying naval base is primarily associated 
with aggrandizement and. territorial expansion? While we 
may eventually need certain outlying naval bases, their 
establishment should not precede the complete thos emt 
of the home stations. 

It should be remembered that an outlying station of one 
nation may be very near the home coast of some possible 
commercial or rival naval power which may not look com- 
-placently on. If we attempt to develop distant bases in the 
Eastern Hemisphere, will it not justify European or Asiatic 
nations in establishing such stations in the Western Hemi- 
sphere and thus in equity invalidate the Monroe doctrine? 
We have twice almost gone to war in maintaining that the 
United States will not permit the acquirement by a foreign 
government of certain islands in the West Indies as well as 
of certain possessions on the Pacific. 
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The cession of Heligoland by England to Germany is also 
illustrative of the fact that there is a limit to the extent to 
which any ‘nation will be permitted to retain possessions 
or develop naval bases, almost within sight of the home 
shores of a formidable industrial and maritime rival. 

National thought and purpose with regard to a suitable 
time for the development of outlying naval bases has prob- 
ably been best expressed. by Mr. Edward. H. Finley whose 
words upon general naval preparedness seems specially 
appropriate to this particular feature of the problem. 


.“ The defensive period should be begun at once. 
First, a defensive screen must be built as already speci- 
fied against foreign aggression; and then behind that 
line of defense the offensive-defensive could be safely 
and vigorously undertaken. If the order indicated is 
not observed, our fleet could not later be built up with- 


out Europe’s permission.” 


THE BUDGET SYSTEM OF APPROPRIATIONS. 


There are those who would even have us believe that by 
the introduction of a Budget system of appropriation there 
could be effected economies which would materially reduce 
naval expenditures. Such a conclusion is a:visionary belief 
not founded upon either fact or experience. It is simply 
delaying national preparedness to place much faith in the 
suggestion that by the adoption of a Budget system of sub- - 
mitting estimates any substantial financial benefits would 
arise. The lumping of certain items in various depart- 
mental appropriation acts may prove extremely advisable, 
since more rather than less latitude in national expenditures 
should be allowed the Cabinet officers, but such details of 
expenditures bear no inherent relation to a Budget system: 
The vetoing of individual items in appropriation acts should 
be made possible, but such action has nothing to do witha 
Budget. } 


At least several hundred thousand dollars have been di- 
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rectly or indirectly expended during recent years by the 
National Government in attempting to discredit our ex- 
isting departmental system of making estimates, and to 
substitute some scheme of Budget expenditures. The only 
good that has ever been subserved in the expenditures for 
experimenting with the Budget system so far as the Navy is 
concerned, has been in showing that a system of appropria- 
tion of the general character proposed by the advocates of 
the Budget is inapplicable to its business administrations, 
whether the proposition be viewed from either an economic 
or military standpoint. 

One of the primary advantages claimed for a budget is 
that it will not only show more in detail how appropria- 
tions for national purposes are expended, but that it will 
obviate the presentation of deficiency estimates. It has 
been unreservedly stated by the supporters of the budget 
scheme that naval deficiency appropriations are something 
unknown to the British Parliament. As bearing upon the 
reliability of such contentions, it may be stated that the 
First Lord of the Admiralty, on February 12, 1914, sub- 
mitted to the House of Commons a naval supplementary 
estimate (a deficiency measure) for a sum not exceeding 
two and one-half million pounds sterling, to be granted for 
additional expenditures for naval purposes. 

It is pertinent to state that the British Admiralty has 
much less reason for submitting a deficiency estimate than 
our Navy Department, since the Admiralty and War De- 
partment officials of Great Britain have authority to take 
any unexpended balance of one appropriation and divert it 
to any other authorized purpose. In other words, every Cab- 
inet Minister of Great Britain can, in an emergency, divert 
an appropriation granted for one special purpose to meet 
some other obligation where there is likely to be a deficit. 
Would the Congress of the United States permit the execu- 
tive departments of the Government thus to divert appro- 
priations, if not to nullify certain acts of the legislative 
bodies? 
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As stated by the Admiralty, the underspendings of one 
estimate can be applied to an overspending of another es- 
timate. In closing the debates on these estimates, the Par- 
liamentary and Financial Secretary of the Admiralty spoke 
in the House of Commons, on March 4, 1914: 


“With great respect I venture to think that if a 
stranger had been amongst us today he would almost 
have come to the conclusion that nobody had ever seen 
a Supplementary Estimate before. My honorable 
friends have been turning over the pages of this Sup- 
plementary Estimate as if it were a curiously rare and 
cryptic document which had mysteriously come to light 
and which had never been seen before. Watching 
them turning it over I confess I began to lose my iden- 
tity and feel like a man dug out of some ancient cata- 
comb and brought to life again. That, at any rate, is 
the impression left on me by the discussion. But we 
have had four Supplementary Estimates in the last 10° 
years, and all have been in the same time-honored form. 
If the form is difficult, if it is obscure, at any rate it is 
not a novel form; it is not our form, it is a form es- 
tablished by custom.” ' 


MILITARY VALUE OF THE COMMERCIAL SHIPYARD. 


Important as it is to develop our navy yards, it is also 
important for national defense that encouragement should 
be given to the development of our commercial shipyards. 
These plants are of great value to the Nation, and it is due 
in considerable part to our industrial resources that our 
influence as a naval power is seriously taken into considera- 
tion. Concerning the worth of the navy yards and private 
shipbuilding plants, the question may well be asked, is it 
not America’s eventual ability to replace, if not to multiple, 
her existing war fleet, that after all has done much for our 
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immunity from attack, and which constitutes one of our 
most important factors of naval strength? 

Encouragement should be offered our armor-plate manu- 
facturers, shipbuilders, and all others: engaged in produc- 
ing war material to compete for Government work. Ger- 
many practically subsidized such industrial concerns as 
Krupp’s, in the, effort to help that firm lead the world in 
the production of structural material and heavy guns. It 
was continuous experimental work and research investiga- 
tion of the manufacture of munitions of war that has very 
materially contributed to the distinguishing success of the 
German Army. 7 

Great Britain, of all countries of the world, has now a 
full measure of appreciation of the far-reaching military 
service rendered by the commercial firms engaged in the 
manufacture of munitions of war. And yet she has very 
plainly given these manufacturers to understand that the 
nation’s necessity is not to be made the manufacturer’s op- 
portunity. She has therefore declared that the nation must 
regulate control of the extent of the profit that is reaped 
from the manufacture of war supplies. One of her war 
measures has been the limitation of the amount of net divi- 
dends that shall be paid to the stockholders of such corpora- 
tions. If, however, such control is justifiable in time of 
war, it seems but equitable that the commercial firms should 
be given a fair share of Government work in times of com- 
mercial depression. The integrity and patriotism of the 
manufacturer should not be impeached without cause. Is 
it not, therefore, probable that foreign powers, when plan- 
ning campaigns against us, will give serious consideration 
to the reserve facilities that we have or could develop in the 
shipbuilding line? As our maritime resources in shipbuild- 
ing are lamentably weak along the South Atlantic and Gulf 
coasts, does there not appear an imperative need that the 
southern navy yards should be developed to the highest pos- 
sible state of efficiency ? 
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SHIPBUILDING DURING THE PAST DECADE AN UNPROFITABLE 
VENTURE. 


After the completion of the present war, will it not be 
necessary that the shipbuilding establishments located on 
the Atlantic and Pacific coasts shall receive some form of 
national aid or subvention to make them profitable ventures? 
During the past 12 years the number of large shipbuilding 
plants have not increased upon either the Atlantic or Pacific 
coasts. Shipbuilding has only been kept alive during the 
past decade by three fairly profitable classes of work—the 
construction and repair of vessels for the coastwise trade; 
the extensive building of various types of river and harbor 
craft; and the carrying“on by a limited number of firms of 
special manufacturing activities. The Cramp Co. find the 
extensive manufacture of Parsons bronze and the building 
of water turbines two of the most profitable features of 
' their business. On the Great Lakes the shipbuilding indus- 
try, due to some special causes, has a better chance to make 
the business a fairly safe venture. 

The only profitable forms of naval construction carried 
on for many years at our commercial shipyards have been 
the building of tugs, gunboats, tankers, colliers, and cruisers. 
The building of Destroyers, Submarines, and Battleships in 
America has been, in general, a very unprofitable. undertak- 
ing. Except in the cases of the Herreshoff Co., the Bath 
Iron Works, and, possibly, one other firm, the construction 
of Destroyers has proved disastrous to the shipbuilding 
industry. Of 15 firms that received contracts for torpedo 
boats and destroyers, at least half of them went into the 
hands of a receiver, primarily as.a result of the financial 
losses that accrued from attempting to do such work. It 
is a conservative estimate, and it is based upon some reliable 
evidence, that the construction of every single battleship at 
commercial shipyards during recent years has entailed an 
average loss upon each vessel of about a half million dollars 
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to the contracting firms. As regards the construction of 
submarines, has any firm engaged in the work heretofore 
found the building of such craft profitable? 

Thé inquiry will naturally be made, Why did the ship- 
builders seek any class of naval work at less than the cost 
of construction? The answer is that in the case of the 
Submarines and Destroyers the work and the difficulties 
attending their construction when submitting bids for such 
work were unknown. 

As regards the contracts for the battleships, they pro- 
vided extensive work at a time when the plants were com- 
paratively slack, and therefore the commercial firms, in 
order to prevent possible bankruptcy of their establishments, 
considered it good judgment to temporarily carry on work 
at a loss. 

Then, again, both Shipping and the shipbuilding industry 
of neutral nations invariably develop into very profitable 
activities when other maritime nations are at war, for then 
the demand for ships and ocean rates rise rapidly. In the 
belief likewise that this nation would enact into law certain 
legislation that would make shipbuilding a fairly good in- 
vestment, that the Isthmian Canal would be free to our 
coastwise trade, and that there would also be an eventual 
call from South America and China for vessels, the ship- 
building industry was operated- for years at a loss. Can 
more indisputable evidence of this fact be cited than to note 
that for the 12 years preceding this war the exceedingly 
depressed value of the common stock of these corporations, 
together with the certified and sworn annual statements 
of the officers of the shipbuilding companies concerning 
their financial operation? The shipbuilder is entitled to a 
fair profit upon his investment, and it ought to excite neither 
surprise nor resentment that he now declines to continue to 
build battleships at a financial loss. Shipbuilding is just as 
much entitled to reasonable returns as the planting of wheat 
and cotton. 
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SHOULD ANY OF OUR NAVAL STATIONS BE ABANDONED? 


If measured even by our present naval demands, none 
of our naval stations should be abandoned or closed. The 
question is rather one of providing additional dry docks, 
as well as increased berthing and handling facilities at each 
of our navy yards. Our deficiency, and not our superfluity 
of naval stations will forcibly present itself if we ever en- 
gage in war. 

It is important to note that the navy yards at Portsmouth, 
N. H., Boston, New York, Philadelphia, and Norfolk were 
originally located in the heart of those ports and at a time 
when the commerce of those harbors was comparatively 
small. Very desirable waterfrontage sites were therefore 
acquired for navy-yard reservations. Particularly was this 
the case at Boston, New York, and Philadelphia. Even as 
early as 50 years ago the railroad and steamship experts of 
Philadelphia realized that a navy yard at the foot of Federal 
Street of that city would be an insurmountable bar to the 
efficient development of the Port, and as a consequence the 
navy yard was transferred to League Island, a point 5 miles 
down the river. The new naval reservation is many times 
the size of the one that was abandoned. 

As regards the Boston Navy Yard, it may only be within 
a decade when the transportational terminal demand of that 
city may compel thoughtful consideration of the important 
question as to whether the channel frontage on the Mystic 
and Charles Rivers, now possessed by the naval authorities, 
may have to be vacated to meet the transportation and dis- 
tribution demands of the railroad and steamship lines having 
their terminals in that city. While the Commonwealth of 
Massachusetts has already authorized the construction of a 
dry dock and terminal pier facilities at South Boston to 
help meet the present needs of the railroad and shipping 
companies, these projected facilities will probably only satis- 
fy in part the demands of the progressive and rapidly grow- 
ing commerce of the port. 


. 
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The Collector of the Port of New York has repeatedly 
called attention to the congested conditions as regards the 
commerce of that Port. It requires no prophetic powérs 
therefore to predict that possibly within a decade there may 
also come a commercial demand, perhaps irresistible, for 
vacating the present Boston and New York Navy Yards. 

Our existing pier-wall and dry-dock facilities at all our 
naval stations is absolutely inadequate even for present 
needs, and yet the Navy Department may be called upon to 
unqualifiedly prove the imperative military-industrial neces- 
sity for continuing large naval stations in the heart of the 
maritime districts of great ports like Boston and New York, 
where the terminal facilities possessed by the navy yards 
may better serve the purposes of the nation by permitting 
them to be acquired by the commercial interests of these 
great harbors, whose water frontage is now severely taxed 
to meet the demands of shipping. 

The terminal transportation and distributing demands of 
great seaports like Liverpool, London, Bremen, Hamburg, 
and Antwerp could not possibly permit the continuance or 
establishment of naval dock yards in the midst of their 
shipping districts. Will not this nation be compelled, at 
an early day, to conserve the entire water frontage of certain 
ports for maritime purposes? Great as may be the loss to 
the Navy by vacating important yards like those of Boston 
and New York, the impelling and growing demands of 
commerce may ultimately cause such action to be taken. 
It is the lack of terminal distribution facilities which now 
materially contributes to the increased cost of food supplies. 

The necessity of giving early and thoughtful considera- 
tion to the question of enlarging the Portsmouth, N. H., 
Navy Yard and of developing a new station at Narragansett 
Bay to provide for the possible vacating of the Boston and 
New York Navy Yards is a matter that particularly merits 
the attention of the Navy Department and the Congress. 
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OUR NAVAL STATIONS ARE NOT COMPLETELY EQUIPPED 
ESTABLISH MENTS. 


For the past generation we have been progressively aug- 
menting the fleet, while pursuing a policy of retrenchment 
and severest economy in the development of our navy yards. 
The parsimony manifested as to navy-yard extension has 
been due to the rapid and incessant attacks of the sensational 
writers of the daily press and popular magazines, who should 
have been better informed than to proclaim that a “ pork- 
barrel policy” had dominated the establishment, adminis- 
tration, and operation of our naval stations. Has any naval 
station ever. been established or even its territorial limits 
abridged except upon the recommendation of some high 
ranking officer of the Navy? 

Time will show that cheese-paring economy in this direc- 
tion has been at the expense of the fleet, for if the future 
efficiency of our naval stations has thereby become im- 
paired, the fleet will be the ultimate victim of such a suicidal 
policy. 

Have we not had all the warning we need that behind the 
troops in the field and the blue jackets on the battleships 
there must be at least fairly completed navy yards with 
facilities for employing the army of workmen required. to 
maintain the fleet as the first line of defense? 

Our. naval stations are not finished works. As a matter 
of fact for a considerable number of years past it has not 
contributed to anyone’s official reputation or popularity to 
recommend their extension and development, and such may 
continue to be the case fora few years to come. The day 
of awaking upon this question is, however, much nearer than 
anticipated, for the normal increase in the repair work of 
the fleet will soon tax the resources of our naval stations, 

Is there an officer in the Navy, who possesses accurate 
knowledge of the industrial and military conditions existing 
at any of these stations, who now regrets that,our navy 
yards: have been developed to the limited extent that has 
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been effected, and who does not hope that further extensions 
may soon be authorized? In brief, the outlay incurred for 
navy-yard development has been as efficiently, wisely and 
economically expended as have been the appropriations for 
the battleships. 

Unless we immediately change our policy of seeming in- 
difference in developing naval stations, we may within a 
few years be compelled to undertake this work intensively 
and therefore expensively. We shall indeed be fortunate 
if the work will not have to be done at a period following 
the loss of a portion of the fleet and its personnel. It is the 
unfinished and undeveloped weapon or appliance which 
fails in time of emergency. Taken as a whole, the most 
unfinished and incomplete feature of our naval establishment 
is our navy yards. 


WHAT CONSTITUTES A FLEET? 


In the age of sail the floating craft within themselves 
comprised the fleet. Such, however, is not the case in the 
age of steam. While the sailing brig could cruise for months 
with her contained resources, the modern battleship cannot 
be operated beyond a week under maximum forced-draft 
conditions. It is only a pleasing fiction that the super- 
dreadnaught is self-contained as regards repairs. The 
armored ship does not carry enough armor-piercing and 
common projectile shells to supply her turret guns with 
ammunition for an hour. 

The Dreadnaught needs underwater eyes in the shape of 
Submarines, surface eyes in:the form of Destroyers, and 
overtopping eyes of the Aeroplane order; she requires re- 
serve powder, shell, and torpedoes of the value of millions of 
dollars; she needs a chain of wireless stations to complete 
her means of communication. It would require pages of 
manuscript to tell of all requirements. These demands 
are of the most expensive and extensive character. It is 
even needful that we should widen and deepen our channels 
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to our leading seaports in order that the battleship can enter 
harbor for supplies and repairs. 

It is probably beyond the knowledge of any individual to 
realize in detail the fullness of the auxiliary demands of 
fighting ships. The more thoughtfully one studies this ques- 
tion, the more appalled he becomes at the extent of these 
demands, 

Is it possible that any program of naval construction can 
be considered an adequate and well-rounded one which does 
not allot, or even obligate, for extension of the shore sta- 
tions, for the development of auxiliary industrial activities, 
and for improving the channels to our commercial shipyards 
and naval stations, an appropriation of at least 10 per cent. 
of the amount proposed for the augmentation of the Navy 
afloat? Great Britain now finds it necessary to expend mil- 
lions in providing or extending her naval shore establish- 
ments. Not even 2 per cent. of the expenditure involved in 
carrying out the naval program outlined has been allotted 
for the development of our naval stations. While no 
thoughtful officer desires to have the extent of naval con- 
struction afloat abridged, there are those who are amazed 
that substantially no provision appears to have been made 
for the necessary development of navy yards. 


CONCLUSIONS. 


The naval program as submitted to the Congress is a sat- 
isfactory one only to the extent that it may meet our needs 
as regards the fleet afloat. This program appears to be 
substantially based upon the assumption that national safety 
will be obtained through a decisive battle upon the first line 
of defense; it practically assumes that our naval shore sta- 
tions are completed industrial establishments—which they 
are not. ) 

Neither our strongest possible naval foe, nor even any 
combination of naval powers, would invite or accept war 
with the United States without the confident conviction that 
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their fleet would not only reach our ‘shores but drive our 
battleships into harbor. As it would be a battered, disabled, 
and depleted American fleet which would seek the pro- 
tection of our coastwise defenses, ought not we provide for 
a contingency which may develop into a verity even before 
many years elapse? 

The failure to adequately develop our naval stations in a 
manner which will enable them to repair éxpeditiously a 
disabled fleet is simply inviting a prolonged naval war, if 
not national disaster. If for a stretch of 2,500 miles of our 
South Atlantic and Gulf coasts we neither possess a dry 
dock that can receive a superdreadnaught ‘nor a crane that 
can handle the engines, boilers, and turret guns installed on 
such fighting craft, and if a battered fleet has to wend its 
way past Cape Hatteras to make for a harbor where it can 
be docked and repaired, who can maintain that a naval pro- 
gram which only provides floating craft and some reserve 
ammunition is a well-rounded one? ; 

The building of a dry dock requires a longer period than 
the construction of a Battleship, and, in view of what is 
transpiring daily, ought not the probability of the impair- 
ment of the dry dock to be considered more likely than the 
chances of disablement of the Dreadnaught? And yet the 
program submitted makes no provision whatever for the 
building of a modern dry dock at any port between Cape 
Hatteras and the Rio Grande, nor upon the Pacific coast. 

Our possible naval foes will scarcely devise strategic 
plans that ignore the existence of the inefficiently equipped 
chain of naval stations that we possess on the South Atlantic 
and Gulf coasts. Not one of these stations has even a suit- 
able magazine for the storage of reserve shell and ammuni- 
tion. We have been five years trying to procure an efficient 
floating or stationary crane suitable for the needs of a super- 
dreadnaught. Is there anyone who will maintain that the 
floating crane at the Boston Navy Yard or the two floating 
" eranes at the Canal Zone are fully satisfactory’ appliances 
for naval needs? And yet the projected program does not 
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provide at any naval station for either a single stationary or 
floating crane capable of lifting a weight of 250 tons, 
although our possible foes possess such appliances. The 
existing equipment and development of our southern naval 
stations are a reproach to the nation. Nearly everything in 
the shape of our naval shore stations on the Atlantic is now 
concentrated between Cape Ann ‘and Cape Henry, and we 
are told that strategic consideration’ warrants such action, 
since the South Atlantic and Gulf coasts can be protected 
from Guantanamo—a projected location wherein it has not 
yet been established that an assured water supply can be 
procured and protected. 

As regards the practical value of the ordinary confidential 
strategic plan, is it not probable that there are in the military 
vaults of many European powers thousands of discredited 
and discarded plans which even two years ago were regarded 
as of the most important and valuable nature by the re- 
spective general staffs of Europe, but which today are not 
worth the paper upon which they are written ? 

Does this nation need a more timely warning of the fal- 
lacy of concentrating industrial activities of either a naval 
or a military nature than the sad predicament of France 
in losing, within two months of the declaration of war, 
about 70 per cent. of her metallurgic production as a result 
of the capture by Germany of the bulk of the steel foundries 
of the Republic? ; 

M. Albert Thomas, the master of the forges of France, 
states—“ that the greatest lesson of this war is that, without 
a definite program for setting one’s industries on a war basis, 
no nation can now safely go to war.” 

Measured from this standpoint, have any, and particularly 
* the southern navy yards, been planned on a war basis, and 
should we not, if necessary, sacrifice the building of two 
battleships to develop our Atlantic and Pacific naval stations 
in a manner which would give them facilities for rapidly 
placing in times of emergency our disabled battleships again 
on the battle line? it 

29 


, 
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The first duty of this nation is to “ prepare.” No fleet, 
however, that we can assemble will fulfill its mission if our 
navy yards and shipbuilding establishments are not im- 
mediately developed to a point where they can efficiently, 
completely, and expeditiously ‘repair’ the disabled and 
battered battleships. Neither our commercial shipyards 
nor our naval stations are now in condition to meet the 
extensive demand of war. It will certainly involve an ex- 
penditure approaching the cost of three battleships to effi- 
ciently develop all our navy yards and to adequately improve 
the channels leading to them. 

Our needs, also, as regards a reserve of stores, coal, fuel 
oil, mines, smokeless powder, ammunition, and. torpedoes; 
enlargement of our radio stations, extension of aviation 
facilities, establishment of a naval research laboratory, to- 
gether with various other activities, should likewise be con- 
comitantly developed with the augmentation of our fleet. 

Is it an excessive estimate, therefore, which calls for 12 
per cent. of the amount contemplated for the increase of the 
fleet afloat, to be expended for the numerous auxiliary pur- 
poses connected with the repair, maintenance and operation 
of the floating craft? Under war conditions it will un- 
doubtedly be shown that we should have expended at least 
20 per cent. ; 

No friend of the Navy desires to have the building pro- 
gram for fighting vessels reduced. If, however, the navy 
yards cannot be developed in any other manner, then a well- 
rounded plan of naval preparedness demands that the pro- 
gram as regards the augmentation of the floating craft be 
reduced to a sufficient extent to provide adequate repair 
facilities for the fleet that we shall build. 

In brief, our naval program either appears to be oblivious . 
to the far-reaching influence of industrial operations upon 
modern warfare, or else it presupposes that our existing 
industries have been developed and organized sufficient to 
meet war requirements. It may be, that along certain lines 
our ordnance facilities have been vastly enlarged, but such 
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is not the case with our shipbuilding and marine engineering 
resources. 

As regards the industrial conditions in Europe, the out- 
put of the Krupp works has been increased #50 per cent. 
in a year. Great Britain now has over 2,000 controlled 
establishments for making munitions of war in place of 
500 she had last June. The cost of the Zeppelin dirigible has 
increased threefold since the war. From the port of New 
York at least $2,000,000 worth of war material is being 
shipped daily. Is not the man of the hour in Great Britain 
the man who was the first to realize that the war in which 
the Empire was engaged was not only a struggle between 
military forces but a contest as regards the industrial re- 
sources of the opposing nation? Does it not appear as if 
Britain’s hope of victory now rests as much in her industrial 
supremacy as in the vast forces which she has in the 
trenches? Is it not therefore in contravention of the signs 
of the times that we have outlined a plan of naval pre- 
paredness that substantially ignores the extensive and in- 
estimable milifary-industrial work that will devolve in war 
upon our naval stations? 

After having been permitted to visit Britain’s grand fleet, 
Mr. Archibald Hurd states, in a quasi-official message to 
the British public, that, independent of battleships, battle 
cruisers, cruisers, destroyers, and submarines, England now 
has in use 2,300 patrol vessels, mine sweepers, etc., together 
with 2,000 tugs, transports, and supply vessels. Does it 
not require something of a plant to repair and dock this mul- 
titude of auxiliaries in addition to the fighting fleet? 

In the confidential report submitted by the general board 
on July 30 last, concerning naval needs, the closing para- 
graph is: 

“Increased facilities for the navy yards and shore 
establishments generally, such as dry docks, berthing 
spaces, building slips, structural shops, cranes for 
heavy weights, shop machinery, ammunition, and other 
storage facilities, civil personnel, etc.” 
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Does not this recommendation call for a heavy expenditure 
for navy-yard development? 

In his message to the Congress, President Wilson declared 
that the goal of all plans of preparedness should be “ national 
adequacy.” To be half prepared is but one remove from 
not being prepared at all. If we greatly augment the fleet 
without concomitantly developing our our naval stations, 
who can maintain that “ national adequacy” is being pro- 
vided for in a naval program which, in substance, makes 
only for the strength and efficiency of the fighting fleet and 
ignores the needs of the shore stations which are expected 
to keep that fleet on the battle line. Does not such a plan 
for preparedness invite disaster? 
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AN ALTERNATING-CURRENT SYSTEM FOR 
ENGINE TELEGRAPH, HELM-ANGLE 
INDICATORS, ETC: 


By LEONARD A. DoGGETT, ASSOCIATE. 


There is a wide field on shipboard for interior-signalling 
systems, such as engine telegraphs, course telegraph, fireroom 
telegraph, helm-angle indicators, turret tell-tale systems, gun- 
firing signals, steering telegraph and smoke telegraph. 

‘To date such systems have usually been operated on two 
general principles, In the first, the transmitter operates a 
revolving arm which so arranges the electrical connections 
that incandescent lamps burn at the transmitter station and 
corresponding lamps at the indicator or receiver station. 
These lamps illuminate the desired orders. In the second 
system a step-by-step motor is used, one type of which is made 
by Chas. Cory & Son. In this motor the stator is in mina- 
ture the field structure of a multipolar direct-current machine, 
while the moving element, which is in the armature space, is 
a bar of soft iron, bent to have suitable pole shoes. By proper 
excitation of the field poles singly or in pairs, a moderate 
number of different positions may be given to the moving 
element which does the indicating. Other arrangements of 
rotor and stator, but involving the same principle, have been 
developed. These systems act with entire satisfaction as long 
as the number of orders to be transmitted is small. When, 
however, a turret tell-tale system of the motor type is called 
upon to show 36 positions in one revolution, the number of 
wires between transmitter and indicator becomes large, twenty 
or more. Helm-angle indicators may take ten or more wires 
between transmitter and indicator. 

To reduce the number of wires, therefore, with no sacrifice 
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in performance seems desirable, especially, as will be pointed 
out, a number of other advantages come with the system to be 
described. 

For brevity this system will be called the Five-Wire Alter- 
nating-Current Telegraph System. This system has been 
used successfully in connection with the Panama Locks * and 
on board the Argentine battleship M/oreno. As installed on 
the Moreno, Mr. H: A. Hornor has briefly described the ap- 
paratus in the 1914, October, Proceedings of the American In- 
stitute of Electrical Engineers. 

During the summer of 1915 Lieutenants C. C. Thomas and 
S. S. Kennedy, of the Post Graduate Department of the United 
States Naval Academy, made a study of this system, and their 
results are here reported, together with some extension of their 
work, 

Preliminary experiments were made with crude apparatus 
to gain a knowledge of the operation of the system. For this 
the two similar gramme ring stators, shown in Figure 2, by S, 
and S,, were prepared. » The cores of the stators consisted of 12- 
pound coils of number 20 B & Ssoft-iron wire. Around one- 
third of the core were wound 300 turns of No. 16 B & S cop- 
per wire. The remaining two-thirds, being similarly wound, 
produced a 220-volt three-phase stator winding, shown diagram- 
matically in Figurer. ‘These stators were connected as shown 
in Figure 3. i 

In stator number 1 was placed a laminated core wound with 
a hundred turns of No. 10 B & S wire. In stator number 2 
was suspended a coil of wire wound on a split brass tube. 
Figure 4 shows the electrical connections and Figure 2 shows 
a photograph of the arrangement. 

If to the terminals A and B of Figure 4, single-phase alter- 
nating current is supplied, it will be found that rotor 2 will 
take up the position of rotor 1 and will follow rotor 2 in all its 
movements. The original apparatus of Figure 2, although 
being mechanically crude, nevertheless performed the function 
of transmitter and receiver sufficiently well to indicate prac- 


** General Electric Review,”’ Supplement to Volume 18, Number 7, July, 1915, page 751. 
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tical possibilities with well-made apparatus. Before describing 
the final apparatus which functioned satisfactorily, the crude 
arrangement will be used as a reference for explanation pur- 
poses. Perhaps the best way of explaining the action is by 
means of the curve of Figure 5. This curve was obtained by 
blocking both rotors and measuring one stator current for 
various relative positions of the rotors. In Figure 5 ‘correct 
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position” is that assumed by the rotors when free. One of the 
fundamental laws of electrical engiiteéring is that induced 
electromotive forces always act to oppose the cause which sets 
them up. Here the cause of the induced e.m-f.’s in the stators 
is the alternating flux of the rotors. As long asthe rotors-are in 
the “correctposition” and are similar, the induced e.m.f.’s 
will neutralize each other. As soon as either rotor is moved 
in respect to the other, the equality of ‘e.m.f.’s induced in the 
stators no longer exists and the difference at.once sends a cur- 
rent through the stator winding’ which, according to the 
fundamental law, works to oppose the cause of the residual 
e.m.f. In other words, the. current flowing in the stators 
reacts with the alternating flux of the rotors in such a way as 
‘ to pull the free rotor into the correct ‘position. In the ap- 
paratus of Figure 2 the rotors were not similar, so that the 
e.m.f.’s induced in the’stators were not equal, with the result 
that some current was interchanged between-the stators for 
all relative positions of the rotors. As, however, one rotor 
was moved away from the correct position the interchange of 
current became greater, rising from 1.8 to 2.2 at 180 degrees 
from the correct position. It may be said that the current in. 
excess of 1.8 is effective in bringing the free rotor into the 
correct position, or, in other words, it is only that current 
above the line XX of Figure 5 which is effective in producing 
torque. 

In order to obviate mechdnical impetfections the following 
plan was carried out. Twoinduction motor stators were pur- 
chased, the name-plate data being as follows :* Holtzer Cabot 
A. C. Motor, Type QP, size 1, Volts 220, Frequency 60. The 
remaining data of importauce is as follows: Two-Pole, Three- 
Phase, about one horsepower at 3,600 r.p.m... With these 
stators were supplied two blank rotors, having 24 slots and 
two slip rings. This apparatus is shown’ in Figure 9. 

In the course of the experiments three different rotor wind- 
ings were used. ‘These are shown in Figure 6. The first 
winding consisted of 800 turns of No. 25 B & S wire, distrib- 
uted in nine coils so as to form a bipolar winding, exactly like 
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the field winding of large bipolar turbo-alternators. The 
second winding was of No. 30 B & S wire and was concen- 
trated in four slots as shown in Figure 64. The third winding 
was of the bobbin type, and is shown in Figure 6c. In the 
winding space provided by chipping off seven teeth on each 
side of the rotors, were placed 550 turns of No. 24 B & S wire. 
In the three cases the rotor turns were all in series and were 
brought out to the two motor slip rings. 


270° 
i 


RE 


270° 
90° 


Tests with the First Rotor.—In order to test the perform- 
ance of the apparatus as first set up, two curves were obtained : 
(1) Average stator current against angular deviation from 
correct position, and (2) foot-pounds of torque against angular 
deviation from correct position. These curves are plotted to 
- polar codrdinates in Figure 7. From the torque curve of this 
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figure it is evident that the apparatus is far from sensitive, for 
the receiver can be moved out of its correct position nearly 90 
degrees either to the right or to the left before any. considerable 
restoring. torque is encountered. The reason for this lack of 
sensitiveness is that the rotor winding is so distributed that 
the pole effect is not sharply defined. 

Test with the Second Rotor.—The second rotor of Figure 6 
was wound with the idea of concentrating the pole effect in a 
small, well-defined area. These coils were a complete failure, 
probably being lacking in ampére turn strength. 
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Tests with the Third Rotor.—This ‘pair of rotors proved to 
be much more satisfactory. A curve of foot-pounds of torque 
against angular deviation from correct position is shown in 
Figure 8. This curve shows graphically the superiority of 
the third winding over the first. In Figure 7 the correct - 
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position of the free rotor is at 135 degrees. Not until the 
45-degree and 225-degree points are passed does the torque 
exceed a quarter of a foot-pound, the amount necessary to 
overcome the friction of the rotor. In Figure 8, however, 
torque in excess of a quarter of a foot-pound is developed as 
soon as either the 165 degrees or 195 degrees point is passed, 
180 degrees in this case being the correct position. Whereas 
the first pair of rotors might serve to give three indications 
per revolution, the third pair of rotors actually gave twelve 
indications per revolution. Figure 9 shows the apparatus as 





FIG. 9. 


finally left, T being the transmitter unit and R the receiver 
unit. The dials show six orders each. Whether the trans- 
mitter was moved slowly or spun around rapidly through a 
number of revolutions, the receiver always came to the correct 
position in a very positive manner. Twelve orders were 
transmitted, six corresponding to the letters and six to half 
way between the letters. 

From the present study of this apparatus two lines of 
development are suggested. Using the principle here studied, 
small instruments with light moving parts and jewel bearings 
to reduce friction could be built to indicate helm angle and 
position of turrets. For this use transmitters could be rugged 
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instruments located near rudderpost and turrets. A second 
application could be for searchlight control, apparatus of 
about the size and type tested in the above experiments being 
used. In this case four motors would be needed—one azimuth 
receiver motor, one altitude receiver motor, one azimuth 
transmitter motor, and one altitude transmitter motor. The 
transmitter motors could be placed at the most convenient 
locatioy, ten wires being necessary between operator’s station 
and the searchlight. It is in this last case that the smooth 
step feature, that is, the fact that the receiver rotor follows 
all the motions of the transmitter motor, should find its most 
useful application. 
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THE FIRING AND COMBUSTION OF SOFT COAL 
UNDER NAVAL BOILERS. 


By Ws. L. DeBaurre, MECHANICAL ENGINEER. 


This article on the burning of bituminous coal on Navy 
standard grates under Navy boilers is based on experience’in 
testing coals mainly at the U. S. Naval Engineering Experi- 
ment Station. Evaporative tests are made with various coals 
to determine their suitability for use in the naval service. 
Tests have also been made with Bering River and with Mata- 
nuska coal from Alaska; and annual tests are made with 
Pocahontas coal which has been stored at New London, Con- 
necticut, one lot under water, one lot under shed, and one lot 
in the open. The fifth annual test has been recently made. 
Successive annual improvements in the economic results were 
noted after storage for one, two and three years, respectively. 
These improvements were due to better methods of firing 
adopted from year to year until the present methods were 
developed, which are believed to yield about the maximum 
capacity and economy, that a given coal is capable of produc- 
ing under a naval boiler. 

Coal for naval use consists of from 90 to 95 per cent. of 
combustible matter and from 10 to 5 per cent. of ash. The 
ideal method of firing such fuel would consist simply in 
spreading the coal uniformly over the fuel bed within each 
of the fire doors in succession. With the burning of the com- 
bustible matter, the remaining unburnt material would sink 
in the fuel bed as fresh coal is spread on top. Such a fuel bed 
would evidently contain the original per cent. of ash in the 
topmost layer and larger percentages in the layers beneath. 
In the bottommost layer just over the grate there would be 100 
per cent. of ash, which under ideal conditions would fall freely 
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through the grate into the ashpit. Under such ideal condi- 
tions the only firing tools necessary are the shovel to throw 
in the coal and the hoe to haul out the ashes. 

Unfortunately, other tools are necessary to overcome defects 
that occur in the practical firing of soft coal. The fuel bed 
does not burn and sink in uniform layers. It is not of uniform 
porosity, and the greater quantity of air which naturally flows 
through a place of low resistance causes more rapid combustion 
there than in the denser portions of the bed, thus producing 
a “hole” in the fire. Very few if any firemen are so skilled 
that they can keep these “ holes” filled up and the fuel bed 
even simply by throwing the coal in the proper places with a 
shovel. It is therefore necessary to use a light hoe or rake to — 
level the fire. 

Also, with marine boilers, the yellow flames so fill the com- 
bustion space that it is practically impossible for the fireman 
to see the condition of the fire on the back half of the grate. 
It is therefore necessary for him to run a light hoe over the 
back of the fire to determine its thickness as a guide for coal- 
ing, in addition to filling up whatever “ holes” may be present. 
However, the fires should not be disturbed any more than is 
absolutely necessary to accomplish the desired objects, and the 
more skillful a fireman is with the shovel the less will he need 
to disturb the fuel bed with a hoe or rake. 

Most coals used in the naval service tend to cake and thus 
form a solid crust over the fire. Cracks start in this crust 
through which the air passes, and crevices are formed by the 
crust burning at the édges of these cracks. Such crusts should 
not be allowed to form to any extent. While they can be large- 
ly prevented by firing smaller quantities of coal at more fre- 
quent intervals, they should also be kept broken up by the use 
of a light hoe. 

The hoe is likewise necessary when the coking method of 
firing is adopted. The coal is thrown onto the front part of 
the grate only and the volatile matter allowed to distill off, 
when the resulting coke is pushed back with the hoe over the 
fuel bed. This method of firing, however, is not considered as 
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conducive to good results as the alternate or consecutive spread- 
ing method ; that is, spreading the coal over the entire fire in 
the furnace doors alternately or consecutively. (The word 
alternate applies, of course, to two doors only, and the word 
consecutive is proposed for the same method applied to a fur- 
nace with three or four doors. ) 

Skill in the use of the shovel supplemented with the light 
hoe or rake will keep the top of the fuel bed in proper condi- 
tion. Additional tools are necessary for the bottom of the 
fuel bed, especially with stationary grates as used in the Navy. 
For those who are not familiar with the Navy standard grate, 
a photograph of a double grate bar is shown in Fig. 1. On 
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Fic. 1.—NAVy. STANDARD DOUBLE GRATE BAR. 


this kind of grate ash will accumulate; and, with most coals, 
part of the ash will fuse together to form clinkers. ‘There are 
very few coals with an ash-fusing temperature so high that no 
clinkers are formed. 

The ashes that do fall between the grate bars into the ashpit 
contain combustible matter in addition to the ash. The ash 
that remains above the grate, whether it fuses into clinkers or 
not, shuts off the air supply to the combustible above. A fire 
tool must therefore be employed to work this ash through the 
grate. Ifa hard clinker is formed which tends to stick to the 
grate, a sharp-pointed slice bar is required to pry it loose and 
break it up. But if the clinker formed is very friable, or if 
simply ashes accumulate, a better tool for the purpose is a bar 

39 
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with a flat chisel-shaped end. A pricker bar may also be con- 
veniently used under these conditions. 

Neither the slice bar nor the pricker bar should be used indis- 
criminately, but should be moved back and forth over the 
grate where the ash or clinker is located just sufficeintly to 
work it into the ashpit. The location of the accumulation of 
clinker or ash is indicated by the shadows or dark spots on the 
floor of the ash pan. Its removal is shown by the brightening 
of the dark spots. The brightening, however, will generally 
not occur as soon as the ash or clinker is removed, because the 
combustible above has been deadened by lack of air. Too 
much working of the slice bar will increase the loss of com- 
bustible in the ashes. Also, the fireman should not bear down 
on the slice bar to break up the fuel bed, as this will mix un- 
burned coal with the ash and generally cause an excessive 
amount of clinker. Rocking grates are provided in stationary 
and locomotive practice to accomplish the same purpose of 
working the ash and clinker through the grate. 

But even with the use of the slice bar, there are very few 
coals in the burning of which the ash can all be worked 
through the grate. Clinkers will accumulate; and while they 
may be kept broken up in many cases by the use of the slice 
bar, they must eventually be removed through the furnace 
door. The cleaning intervals adopted will depend upon the 
quantity and character of the clinkers, the variation of the 
load upon the boiler, the sequence of watches of the firemen, 
and the necessary routine of removing ashes from the ship. 

For a thorough cleaning, the fire within the furnace door 
selected should be allowed to burn down slightly. At the time 
of cleaning, the combustible in the top of the fuel bed is winged 
over onto the fire at either side, using a hoe and a slice or 
special flat bar. The bottom of the fuel bed containing the 
clinkers is then hauled out of the furnace with a heavy hoe. 
The fire is now winged back onto the bare grates, leveled, and 
built up to standard thickness. Before cleaning, it is preferable 
to build up slightly the thickness of the fuel bed in the doors 
that are not cleaned. Also, under steady load conditions, it is 
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better to clean the fires successively at regular periods unless 
the routine of the removal of clinkers and ashes prevents. 
Troublesome clinkers may be removed between the regular 
cleaning periods by using the tool called the devil’s claw. 

In working the top and bottom of the fuel bed, it has ‘been 
emphasized that the fuel bed as a whole should not be dis- 
turbed any more than necessary. This is done in order to 
prevent as far as possible the formation of clinkers. Clinkers 
are due to the fusing together of particles of ash. The tem- 
perature at which the ash fuses depends mainly upon the con- 
stitution of the ash in the coal. When the fusing temperature 
is high there is no trouble with clinkers, no matter how the 
fires are worked. With a low fusing point it is impossible to 
prevent the formation of troublesome clinkers, even with the 
most careful firing. But there are coals having a moderate 
fusing temperature of the ash which will give satisfactory 
results by careful firing. When the fuel bed is not disturbed 
the ash accumulates only in the lower portion where the tem- 
perature is lower than in the upper portion of the fire. Also, 
in the lower portion of the fuel bed there is an oxidizing at- 
mosphere, while in certain upper portions there is a partially 
reducing atmosphere, and the fusing temperature of ash is 
less in a partially reducing than in an oxidizing atmosphere. 

Thick fires especially produce an atmosphere conducive to 
the formation of clinkers. The fires should therefore be car- 
ried as thin as is consistent with the draft and with good com- 
bustion, as measured by the constitution of the flue gases. 
The better the condition in which the fires are maintained, the 
thinner can they be carried with good combustion with the 
same draft. 

Draft is the difference in pressure between the air in the 
boiler room and the flue gases at the point considered. Fur- 
nace draft, for example, is the difference between boiler-room 
pressure and the pressure of the furnace gases just above the 
fire. Stack draft is the difference in pressure between the 
boiler room and the flue gases at the base of the stack. The 
difference between the furnace draft and the stack draft is 
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therefore the difference in pressure between the gases in the 

furnace and at the base of the stack. It is evident that this 

difference is equal to the frictional resistance overcome in 

forcing the gases through the passes and between the tubes of - 
a water-tube boiler, for example. The furnace draft is equal 

to the frictional resistance encountered in forcing the air 

through the fuel bed. The former resistance will vary with 

the volume of the flue gases, but the latter will also be affected 

by the condition of the fuel bed. 

To force the same quantity of air through the fuel bed a 
greater resistance is encountered if the fuel bed is thick, if a 
crust of unburnt coal is formed over the top, if ashes or clink- 
ers clog up the grate at the bottom, or if the sizes of the coal 
particles in the middle of the fuel bed are such as to pack 
closely together into a dense mass. The last mentioned cause 
of increased resistance depends only upon the character of the 
coal, but the first three are largely within the control of the 
fireman. Looked at in another way, if the fireman allows the 
coal to crust over the top, or if he allows clinkers and ashes to 
accumulate at the bottom, or if he allows the fire to become too 
thick, the air supply will be cut down unless “holes” are al- 
lowed to form in the fuel bed. These assumptions are based 
upon constant draft conditions; if the draft is raised the air 
quantity is increased, with the other conditions remaining con- 
stant. 

Now, it is the air which furnishes the oxygen necessary for 
combustion. In passing through the ashpit the air is some- 
what heated by radiation. It is further heated in passing over 
the grate bars, which it thus keeps from being overheated. 
In the fuel bed it is still further heated until a sufficient tem- 
perature is reached to cause the oxygen to combine with the 
hydrogen in the fuel to form superheated steam (H,O) ; with 
the sulphur to. form sulphur dioxide (SO,) ; and with the car- 
bon to form carbon monoxide (CO), which then burns to 
carbon dioxide (CO,). The nitrogen (N.) of the air passes 
through unaffected, and oxygen (O,.) is found in the flue 
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gases because an excess quantity of air over that theoretically 
required for combustion is always admitted. 

Hence the flue gases contain superheated steam or moisture 
(H,O), sulphur dioxide (SO.,), carbon dioxide (CO.), car- 
bon monoxide (CO), oxygen (O,), and nitrogen (N,). There 
may also be present particles of partially-burned coal which 
will be deposited on the tubes and baffles as soot or carried out 
the stack as smoke. The flue gases may contain unburned 
hydrocarbons distilled from the coal if the air supply and tem- 
perature are not sufficient to cause their combustion. 

The presence of superheated steam (HO) in the flue gases 
represents a loss. The loss is equal to the heat required to 
raise the temperature of the moisture in the air to the tem- 
perature in the stack, and the heat necessary to evaporate and 
superheat to stack temperature the moisture in the coal, that 
formed from the hydrogen present, the water added to the 
coal, and that put into the ashpit. The water added to the 
coal and the water put into the ashpit are the only items under 
the control of the fireman. Water may be added to coal to 
allay the dust in the fireroom or to reduce the loss. of fine coal 
up the stack. No data are at hand to show the reduction in 
soot and smoke by adding water to the coal. Water should 
not be used in the ashpit unless it is necessary to keep the 
grate bars cool, to prevent troublesome warping of the ash 
pan, or to reduce clinker formation. Clinkers are sometimes 
reduced by blowing steam into the ashpit. 

The amount of sulphur dioxide (SO,.) present simply de- 
pends upon the quantity of sulphur in the coal, and is very 
small in coals for naval use. Sometimes a portion of the sul- 
phur present remains in the ashes or clinkers as sulphur tri- 
oxide (SO,). 

The presence of unburned hydrocarbons depends partly 
upon the volume of the combustion space available, the manner 
of firing, and the proportion of volatile matter in the-coal. If 
the combustion space is small, the hot gases containing un- 
consumed hydrocarbons are liable to reach the comparatively 
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cold surfaces of the boiler and be cooled below the ignition 
temperature before they are completely burned. Also, if large 
quantities of coal are fired at a time, the large volumes of 
hydrocarbons distilled off are liable to lack sufficient air for 
combustion. If the coal contains a large percentage of volatile 
matter, the same condition is liable to obtain with careful 
firing. This fact is one reason why high-volatile coals are not 
suited for combustion in marine boilers where the combustion 
space is necessarily limited. From the fireman’s standpoint 
coal should be fired in small quantities to prevent a loss due to 
unburned hydrocarbons. If necessary to increase the thickness 
of the fire, this should be done gradually, and not by throwing 
a large quantity of fresh coal on the grate at one time. 

With medium or low-volatile coal and fair firing, hydrocar- 
bons are rarely present in the flue gases, even with the limited 
combustion space in marine boilers. It is, therefore, customary 
to omit their determination from the analyses of the flue gases. 
Neither the percentage of moisture (superheated steam) nor 
of sulphur dioxide is determined, but the analysis is limited to 
the measurement of the proportions by volume of carbon 
dioxide (CO.), carbon monoxide (CO), and oxygen (O.) 
present, the nitrogen (N.) being found by difference. For 
routine conditions of service it is necessary to determine the 
percentage of CO, only as a guide to the condition of the fire. 
Recording CO, machines are built for this purpose. 

The four quantities, CO,, CO, O., and Nz, are closely re- 
lated to the air supply. By perfect combustion with just the 
right quantity of air there would be in the flue gases about 20 
per cent. of CO, and 80 per cent. of N, by volume. With air 
in excess of the theoretical quantity, O, is also present; the 
N, remaining approximately 80 per cent. of gas and the CO, 
and O, together being equal to about 20 per cent. The per- 
centage of O, is an indication of the amount of excess air. 
Unless sufficient excess air is admitted the flue gases will con- 
tain CO. The presence of CO represents a loss due to in- 
complete combustion; but the presence of O, with the corre- 
spondingly lower proportion of CO, also represents a loss due 
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to excess air. When one loss is increased the other is de- 
creased, and the combustion conditions should be adjusted 
until the sum of these two losses is a minimum. From ex- 
perience at the Naval Engineering Experiment Station, it is 
believed that for naval boilers the minimum loss will corre- 
spond to a CO, percentage between 12 and 12.5 per cent. 

The analysis of the flue gases is generally made at the base 
of the stack. Therefore, part of the excess air present is due 
to infiltration through the boiler casing. Before the efficiency 
of the combustion can be properly judged, care must be taken 
to insure that the casing is airtight. Excess air is also ad- 
mitted when the furnace doors are opened for coaling or level- 
ing; hence these operations should be done quickly.. How- 
ever, undue haste should not prevent proper placing of the 
coal and leveling, for “holes” left in the fire during the in- 
tervals between the above operations will admit more excess 
air than the doors open for a few additional seconds. 

The most economical results are obtained when the whole 
fuel bed is kept in a uniform condition. Then the desired per- 
centages of carbon monoxide and oxygen, and the correspond- 
ing percentage of carbon dioxide (CO,.) which has been found 
best by trial, are kept constant by regulating the thickness of 
the fuel bed. If the CO, becomes low it means that too much 
excess air is passing through the fuel bed, which is therefore 
too thin. The thickness should be built up gradually. If the 
CO, percentage of 12.per cent. because the layer of clinker 
cessive due to lack of air. The fuel bed is too thick and 
should be allowed to burn down somewhat by firing slightly 
less coal until the desired CO, percentage is obtained. 

The proper thickness will be between 4 and 8 inches, de- 
pending upon the draft required to burn the requisite number 
of pounds of coal per square foot of grate surface per hour 
and also upon the clinkering properties of the coal. A clin- 
kering coal should be burned with a thinner fire than a good 
coal. It may be impossible with a clinkering coal to attain a 
CO, percentage of 12 per cent. because the layer of clinker 
over the grate will shut off the flow. of air through the fuel 
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bed, and the consequent greater draft in the furnace will result 
in increased air leakage through fire doors and setting. 

If the fuel bed is not in a uniform condition there will be an 
excess of air at some places and a lack of air at others, result- 
ing in a total loss larger than would obtain with uniform con- 
ditions. To get maximum efficiency in combustion it is there- 
fore necessary to place the coal properly with the shovel, to 
level and break up the crust with a hoe, and to keep the grates 
free of ashes and clinkers with a slice bar. By this method, 
also, the maximum capacity is obtained from the boiler for 
the given draft because the resistance through the fuel bed is 
kept low. 

The stack draft should be regulated according to the load 
on the boiler. Regulation by the damper is better than regu- 
lation by opening or closing the ashpit doors because less 
excess air is liable to be drawn through the. boiler casing by 
_the former than by the latter method.’ When the load sud- 
denly increases, the combustion is often intensified by the fire- 
men cracking the fuel bed by lifting it slightly with the slice 
bar. With a coal that tends to clinker, this should be resorted 
to only in the last extremity and should be’ carefully done to 
prevent breaking up of the fire. 

The furnace draft may be used as a guide in working the 
fires. If its value be noted for a given stack draft when the 
fires are in their normal condition, a rise in the furnace draft 
will denote an increase of the resistance through the fuel bed, 
and a drop will denote a decrease. The increase may be due 
to the fuel bed becoming thicker or clogged with’ ashes and 
clinkers at the bottom or covered with a coal crust at the top 
in case the coal cakes. The decrease will be due either 'to a 
thin fuel bed or to holes in the fire. The furnace draft also 
drops whenever_the furnace doors are opened. 

There is no practical method of firing, however, with which 
some non-uniformity in the fuel bed does not occur. When the 
doors are coaled in succession, part of the fire will be covered 
with fresh coal while the remainder is bright. This’ condition 
is considered more conducive to perfect combustion than if all 
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doors were coaled at the same time, for in the former case the 
heat from the bright portion of the fire helps to raise to the 
ignition temperature the volatile matter distilled from the coal 
just thrown in the furnace. This method is also considered 
better than throwing the coal on the front part of the grate, 
allowing it to coke, and then pushing it back over the whole 
grate. ‘ 

The coaling should be done as nearly uniformly as possible, 
throwing on the same number of shovelfuls each time. The 
firing intervals should be selected so that each charge will not 
exceed 30 to 50 pounds of coal (3 to 5 shovelfuls). Then the 
fireman can slightly increase or decrease the quantity as he 
finds his fires getting thinner or thicker. He will sometimes 
find the fire within one door consuming more coal than in the 
other doors. This condition can generally be traced to’a thin- 
ner fite which allows a larger quantity of air to pass through 
to intensify the combustion. If necessary, however, the fire 
in that door should be kept a little thicker than in the other 
doors in order to equalize the rates of combustion. 

If the coal is fired in small quantities at uniform intervals, 
and the fires are otherwise maintained in good condition, the 
smoke formed will have the minimum density for the boiler 
in use and the coal fired: The lack of head room for naval 
boilers limits the height of the heating surface above the grate 
and the combustion space. The coal particles carried-along by 
the gases are therefore cooled by the heating surface below 
the ignition temperature before they have time to burn com- 
pletely. Smoke consequently forms. With high-volatile! coals 
a dense black smoke is continually emitted from the stack, but 
with medium or low-volatile coals smoke should occur for a 
few seconds only after coaling. 

Based upon the above considerations, there has been adopted 
the following method of firing coal during evaporative tests 
at the Naval Engineering Experiment Station: The draft at 
the base of the stack is maintained constant at 0.750 inch water, 
for this stack draft has been found to burn about 25 pounds 
of coal per square foot of grate surface per hour, with a fur- 
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nace draft of about 0.8 inch water. The boiler is allowed to 
generate as much steam as it can under a steam pressure of 300 
pounds gage, which is kept constant by regulating a throttle 
valve on a bleeder line through which a portion of the steam 
generated is discharged to a surface condenser. A firing in- 
terval of five minutes has been selected, resulting in a charge of 
about 40 pounds of coal being fired at a time. The furnace 
has three doors, so that the interval between firing the suc- 
cessive doors is one minute and 40 seconds. ‘The fires are 
leveled at five-minute intervals, and in the order in which the 
doors are coaled: When door one is coaled, door two is 
leveled; when door two is coaled, door three is leveled; and 
when door three is.coaled, door one is leveled. ‘The slice bar 
is used at hourly intervals, but only if dark spots appear in the 
ash pan. The cleaning interval is twelve hours. With three 
furnace doors and firemen’s watches of four hours on and 
eight hours off, the above interval results in the cleaning of one 
fire in each watch. 

Samples of the flue gases from the base of the stack are 
collected during half-hourly intervals and immediately ana- 
lyzed for CO., O., and CO. Analyses for hydrocarbons are 
made several times during each test, but no appreciable per- 
centages have been found with coals tested to date. A CO, 
machine is also in continuous operation. The firemen are 
directed to so regulate the thickness of the fires as to maintain 
the constant percentage of CO, which yields the best results. 
This percentage has been found to be in general about 12 to 
12.5 per cent., corresponding to a fuel-bed thickness of ap- 
proximately 6 inches. Leakage of air through the casing is 
prevented by carefully plastering before the test all possible 
cracks with asbestos cement. 
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THE FRACTIONAL DISTILLATION OF LUBRICAT- 
ING OILS. 


By J. G. O’NEILL, CHEMIST, 
U. S. Naval Experiment Station, Annapolis, Md. 
- 


The physical and chemical properties of all lubricating oils 
are thoroughly investigated at the Naval Engineering Experi- 
ment Station before they are recommended for use-in the serv- 
ice. Research work, dealing with physical and chemical meth- 
ods which give more accurate information as to the proper- 
ties of lubricating oils, is constantly under way. One of these 
investigations which is believed to be of general interest is 
herein described. 


OBJECT. OF INVESTIGATION. 


The object of this investigation was to devise a fractional 
distillation method for separating a mineral lubricating oil into 
its component light oils, intermediate oils and heavy oils, and 
to investigate the properties of these light, medium and heavy 
oils. Such a method had to meet the following requirements: 

(a) It must not decompose any of the component oils. 

(b) By reuniting the component oils the original com- 
pounded oil should be obtained without appreciable change in 
its physical properties. ti 

(c).Double fractionation should not decompose any of the 
oils or appreciably change their physical properties. 

(d) The method must give concordant results with the same 
oils, 

(e) It must be a laboratory method capable of operation in 
a reasonable length of time and without danger to the operator. 
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(f) The fractions of an oil must be of sufficient number and 
of volume great. enough to allow the determination of their 
physical properties. 

The investigation of the properties of these fractions of oils 
should yield: 

(g) Accurate information of the quality of mineral oils 
used to compound the original oil. 

(h) Should show the presence of undesirable light or heavy 
oils and the quantity present. 

(1) Should enable us to forecast the relative stability of oils 
when used in the service. Tt 

(7) Should give us data which would clearly point out to us 
the most logical path to be taken to improve the quality of 
lubricating oils, thereby increasing the life of the oil when in 
use and decreasing engine troubles arising from the use of in- 
ferior oil. 

(k) Should show the different properties of asphalt and 
paraffine-base oil fractions in the relation between viscosity, 
flash point, specific gravity and volatility. 

(1) Should point the way to future research work in lubri- 


cating oils. 


SELECTION OF METHOD. 


The literature on the testing of lubricating oils gave no as- 
sistance or information on the fractional distillation of these 
oils. In selecting a method four possible modes of procedure 
were considered. They were: 

(m) Fractionally distilling and condensing the oil under 
vacuum. J : 

(n) Fractionally distilling by the aid of heat and heated in-- 
ert gases. 

(0) Fractionally distilling by the aid of heat and violent agi- 
tation of the oil. 


(p) Fractionally distilling by the aid of heat and super- 
heated steam. 
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FRACTIONAL DISTILLATION BY THE USE OF HEAT AND A 
VACUUM. 


When an oil or liquid is placed in a flask, a vacuum created 
and heat applied, it is found that the oil or liquid will vaporize 
at a much lower temperature than it would if the vacuum did 
not exist. It has been found that the oils constituting lubricat- 
ing oils will distil without decomposition under the above con- 
ditions. A United States patent was granted the Vacuum Oil 
Co., of Rochester, N. Y., on this process. This method was not 
considered a feasible laboratory method for the reason that 
unless the condensation of the oil vapors was perfect some of 
the lighter oils wouldsbe lost; also, because it was desired to 
work with glassware in order to closely watch the distillation. 
Distilling in glassware under a high vacuum was considered 
too dangerous for a routine laboratory method. 


FRACTIONALLY DISTILLING BY THE AID'OF HEAT AND HEATED 
INERT GASES. 


The procedure of this method consists of heating inert gases 
such as carbon dioxide or nitrogen to about 380 degrees F.. and 
conducting them into the oil heated to about the same tempera- 
ture. It has been found that the oil will then distil 250 F. be 
low its ordinary distilling temperature and without decomposi- 
tion. This process is covered by U. S. Patent 848,903, Art of 
Distilling, granted to Heinrich Hirzel, of Leipzig-Plagwitz, 
Germany. He explains his process in: full on page 2, lines 85 
to 107, of U. S. Patent 848,903. This process was tried out in 
the laboratory of this station using heated carbon dioxide, and 
as far as the distillation was concerned it was found to do ali 
the inventor claimed for it; but it was found impossible to en- 
tirely condense the oil vapors mixed with the inert gas, and the 
method had to be abandoned. The resistance of oil vapors to 
condensation when mixed with’ inert gases, and also the greatly 
reduced temperature at which oil vaporizes when exposed. to 
inert gases are worthy of note. 


- 





468 FRACTIONAL DISTILLATION OF LUBRICATING OILS. 


DISTILLING BY THE AID OF HEAT AND VIOLENT AGITATION OF 
THE OIL. 


No reference in any literature could, be found which treated 
of this procedure for distilling lubricating oil. Several years 
ago I performed some simple experiments in which I mixed a 
light oil with a heavy petroleum oil, and on heating the mixed 
oils in a flask which was violently agitated, it was found that 
the light oil distilled off at much lower temperature than it 
would have if not agitated. The apparatus required for using 
the above method in this test would be too complicated, but it 
is here noted to show that in all probability when oil is used as 
a lubricant and violently agitated conditions arise which greatly 
increase the volatility of the oil. 


FRACTIONALLY DISTILLING BY THE AID OF HEAT AND SUPER- 
HEATED STEAM. 


After considerable experimentation, in which the construc- 
tion and size of each part of the apparatus were changed sev- 
eral times, a successful method using heat and superheated 
steam was evolved. This method is considered to be especially 
applicable for the purpose of this test, since the process of dis- 
tilling lubricating oils with superheated steam is practiced by a 
large number of lubricating-oil manufacturers. 


APPARATUS USED IN INVESTIGATION. 


Plate F- is a photograph of the fractional distillation appa- 
ratus partly dismantled. Plate G is a photograph of the frac- 
tional distillation apparatus connected up for test. The appa- — 
ratus consisted of a steam boiler, steam superheater, oil still and 
water condenser, connected up and fitted with thermometers as 
shown in photographs. 


METHOD OF PROCEDURE. 


Five hundred and forty grams of the oil to be tested was 
weighed in the round-bottom flask of the oil still and the appa- 
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ratus connected up as shown in Plate G.. The gas burners under 
the steam boiler and oil still were turned on and lighted. Elec- 
tric heater was turned on at low heat. When steam was gen- 
erated in the boiler the heater was turned on full, and the su- 
perheated steam allowed to escape through the by-pass between 
the superheater and the oil still until the steam showed colorless 
and until the oil in the still reached a temperature of about 380 
F. When a colorless, steady stream of steam issued from the 
by-pass, and the oil was at a temperature of about 380 F., the 
by-pass was closed and the steam forced through the hot oil in 
the still. The temperature of the superheated steam and the oil 
was now slowly raised, the rate of heating being governed by 
the rapidity with which the oil volatilized. Both of these tem- 
peratures were found to be very easily regulated. The vola- 
tilized oil and steam from the still first entered the air con- 
denser, and the vapors which passed through the air con- 
denser were all condensed in the water condenser. Approxi- 
mately three-quarters of the distilled oil was recovered in the 
receiver of the air condenser; the remaining quarter was re- 
covered in the separatory funnel of the water condenser. The 
water and oil from the water condenser separated readily in the 
separatory funnel; the water settled to the bottom and was 
drawn off ‘and measured. The oil condensed in the air con- 
denser was practically de-hydrated. This was due to the fact 
that the oil was condensed to a liquid state at a temperature 
well above the boiling point of water, and also to the fact that 
the condensed oil in the air condenser flowed by gravity against 
a very hot stream of superheated steam and oil vapors in leav- 
ing the condenser. The oil flowing from the air condenser 
through the glass U was cooled by allowing the lower part of 
the U to dip in a beaker of cold water. 

The oil was divided by this method into usually four or five 
fractions, one fraction always remaining as a residue oil in 
the glass flask of the oil still. The fractions were made as 
nearly equal in weight as possible under the conditions; they 
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were then dried in a dessicator over calcium chloride or su!- 
phuric acid until perfectly clear and free from moisture. The 
heating of the oil still was very uniform throughout, as shown 
by the slight difference in temperature between the oil in the 
still and the vapors leaving the still. In fractionally distilling a 
lubricating oil the following data were taken: 

(q) Temperature of steam, oil and vapor, at the beginning 
of the distillation of each fraction. 

(r) Temperature of steam, oil and vapor, at the end of the 
distillation of each fraction. 

(s) Time required to distil each fraction. 

(t) Quantity of water condensed with each fraction. 

(u) Weight of each fraction. | 

All temperatures were expressed in degrees Fahrenheit, and 
no correction was made for exposed stem. 


RESULTS. 
Origin of Material. 


All lubricating oils used in this test were obtained from the 
Oils Laboratory, and had been previously received for Station 
investigation. ‘They were representative samples of oils used 
in the service and all of them are on the acceptable list for use 
in the Navy. They were all straight mineral oils with the fol- 
lowing classification and origin: 


Laboratory No. of oil. Classified as— _ - Base. 

No. 700, . . . Light forced-feel oil, . . Asphalt. 
701, . . . Medium forced-feed oil, . Paraffine. 
702, . . . Medium forced-feed oil, ., Asphalt. 
703, . . . Medium forced-feed oil, . Asphalt. 
704, ... . Medium forced-feed oil, : Paraffine. 
705, . . . Light forced-feedoil, . . Paraffine. 
706, . . . Icemachineoil,. . . . Asphalt. 
707, .. . . Ice-machine oil,. . . . Paraffine. 
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The above oils were fractionally distilled, giving the follow- 
ing results : 

Run No. 2 was a duplication of Run No. 1. 

Run No. 4 was a duplication of Run No. 3. 

Run No. 7 was a sample of No. 703 oil which had been frac- 
tioned as in No. 6; the fractions were then reunited and the re- 
combined oil was refractioned. 

Run No. 9 was a run similar to Run No. 7 but using No. 704 
oil. 

Run No. 12 was a sample of unused No. 700 oil from U. 
S. S. Arkansas. 

Run No. 13 was a sample of used filtered No. 700 oil from 
U. S. S. Arkansas, which had been in the system 100 hours. 

Run No. 14 was a sample of unused No. 705 from U. S. S. 
Arkansas. 

Run No. 15 was a sample of used filtered No. 705 oil from 
U.S. S. Arkansas, which had been in the system 100 hours. 


PHYSICAL PROPERTIES OF THE OIL FRACTIONS. 


After the distillation, all of the oil fractions had a slightly 
acrid odor, with the exception of Fraction A, No. 706. This 
fraction of No. 706 had a strong kerosene odor, which did not 
disappear on long standing in the laboratory. The slightly 
acrid odor of the other fractions of oils disappeared in a few 
days. , 

The first fractions distilled from the various lubricating oils 
were very mobile and of a light yellow color, very similar to a 
“spindle” oil. There was a gradual increase in viscosity and 
depth of color with increase of the distilling temperature of the 
fractions of an oil; and in all cases the residue oil had a dark 
appearance, much resembling a dark cylinder oil. In no resi- 
due oil fraction was there any solid matter deposited. 

The viscosity, flash point, fire point and specific gravity of 
the original oil and its fractions were determined-by the Oils 
Laboratory under the supervision of Lieutenant J. L. Kauff- 
man. Viscosity was determined at 100 F. in a Saybolt universal 
viscosimeter ; flash and fire points in the Pensky-Martin closed- 
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cup apparatus; and specific gravity was determined by means 
of a pycnometer at 15.6 centigrade. For convenience of refer- 
ence the item “per cent. of total” is repeated in the follow- 
ing tabulation. The name and number of the oil, the name of 
the fraction and the explanations on pages 470 and 471, apply 
to the following oils and fractions of oils: 





fraction. 
total. 
too F, 


Name and number of oil. 


Flash point, 
degs. F. 


Name of 
Per cent. of 
Viscosity at 





199.0 
64.8 
108.5 
202.4 
428.5 
2,581.0 


64.8 
101.8 
177-3 
380.0 

1,726.0 


Original oil. 205.0 

99.6 
128.0 
164.0 
250.3 
619.8 


102.6 
165.5 
511.9 


Original oil. 275.0 

A gI.2 
B : 190.0 
Cc : 414.0 
D 2,358.0 


Original oil. 316.0 

A 98.1 
B 197.2 
Cc 445.0 
D 1,402.0 | | 


(7) 703 Fractioned.t{ 

A 85.7 
B ‘ 183 8 
Cc -93 |. -448.0 
D 1,557.0 


t Fractions combined and then refractioned. 
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total. 
Ioo F. 


Name and number of oil. 


Per cent. of 


Viscosity at 





Original oil. 
A 


B 
Cc 
D 


Fractioned. 
A 


B 
Cc 
D 
(10) 706, Ice machine.........| Original oil. 
A 
B 


Cc 
D 


(11) 707, Ice machine.........| Original oil. 


B 
Cc 
D 


(12) 700, Unused, from....... 


Oil as received. 
U.S. S. Arkansas. A 


B 
Cc 
D 


(13) 700, Used, filtered Oil as received. 
U.S. S. Arkansas. A 

B 

Cc 

D 

E 





(14) 705, Unused, from 


Oil as received. 
U.S. S. Arkansas. A 


B 
Cc 
D 


(15) 705, Used, filtered... 
U 


.-.{Oil as received. 
.S. S. Arkansas. A 



































1 Fractions combined and then refractioned. 
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DISCUSSION. 


The Reduction of the Temperature of Vaporization of Lubri- 
cating Oil by the Use of Superheated Steam. 


For the purpose of ascertaining the reduction of the vapor- 
izing point of oil by the use of superheated steam, No. 702 oil 
from the same sample as used in the above experiment was dis- 
tilled by heat alone. The results as compared to distillation 
with superheated steam were: 

Superheated 
pe heat steant 
distillation. ~ distillation. 
Oil started to distil : 380 F. 


52 per cent. of the oil distilled over at 535 
80 per cent. distilled over at 550 


When 52.0 per cent. of the oil was distilled by dry-heat dis- 
tillation, the heat became so intense that the distillation was 
stopped for fear of melting the glass flask. The distilled oil 
from the dry distillation had a burned odor, which persisted. 


Recombination of Oil Fractions to Produce the Original Oil. 


If the fractionation of a lubricating oil as performed in this 
investigation did not decompose the oil it should be possible to 
recombine the fractions and produce an oil which had the 
same properties as the original oil. This was done with No. 
701, Run No. 4, and No. 703, Run No. 6. The fractions. were 
proportionately recombined to form a lubricating oil, whose 
properties compared to the original were: 





Viscosity at— Flash Fire Specific 


point, | point : 
100 F,| 130 F.| ° F. op, | sravity. 








No. 701, from oils laboratory...../..| 205.0 | 107.0 | 395 455 0.887 
701, recombined from frac- 
tions No. 4 207.2 |.107.0 | 374 404 0.887 

703, from oils laboratory 316.0 | 137.0 | 348 384 0.9251 
703, recombined from frac- 
tions No. 6,......s.-csesseese 302.0 | 128.8 | 336. |. 378 0.927 




















All the conditions for the distillation of the oil were made 
as nearly perfect as possible to avoid decomposition or “ crack- 
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ing” of the oil. The large quantity of steam used in the dis- 
tillation swept the oil vapors rapidly from the still, and pre- 
vented excessive condensation and overheating of the oil. The 
temperature of the steam and oil vapors leaving the still aver- 
aged only 10 to 15 F. lower than the temperature of the oil in 
the still. This was a remarkably good condition to avoid de- 
composition or “ cracking” of the oil. If, in distilling, the oil 
is allowed to become very hot and considerable condensed oil 
vapors are allowed to drop back into the hot oil, the heavy-oil 
residues are broken up into lighter-gravity oils; and carbon is 
deposited in the still. In no case was carbon deposited in the 
residue oils of this investigation. It is also to be noted from 
the data on pages 8, 9 and 10, that the average specific gravity 
of the fractions is equal to the specific gravity of the original 
oil. If “cracking” or decomposition took place during the 
distillation hydrocarbon gases would be evolved, and the aver- 
age specific gravity of the oil fractions would be much lower 


than.the specific gravity of the original oil. Allowing for a 
slight loss of oil in wetting the apparatus for distillation and 
condensation, the volume and weight of the fractions equalled 
the volume and weight of the original oil. 


Results Obtained in Twice Fractioning the Same Oil. 


When lubricating oils are fractioned as described in this in- 
vestigation, then recombined to form the original oil and again 
fractioned, the second series of fractions have the same physical 
properties as the first series of fractions of the oil, as shown 
by oils, Run Nos. 6 and 7, 8, and 9, data on pages 6, 7 and 9. 
By referring to Plates A and C it is at once apparent that like 
* percentages of oil give the same points in the curves. 


The Method Gives Concordant Results. 


The method of fractional distillation described above would 
be of no value if concordant results could not be obtained with 
the same oil. Concordant results can be obtained with the 
same oil, as shown by oils, Runs No. 1 and No. 2, and No. 3 
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and No. 4, data on pages 471 and 473. By referring to graphic 
charts, Plates A and C, it is shown that like percentages of oil 
coincide; therefore, the method gives concordant results with 
the same oil. 


Time Required to Operate Test. 


The time required for fractioning a lubricating oil is not ex- 
cessive, as shown by data on page 471. The total time re- 
quired to heat the water in the boiler, the oil, etc., until the 
end of the distillation should not exceed four hours. 


Safety of Operation. 


The method is free from danger to the operator for the rea- 
sons that no excessive pressures are used, and the glass flask 
of the still is completely enveloped in a cast-iron cylinde1, which 
is sufficiently large to completely hold the hot oil if the flask 
should break. 


Number and Size of Oil Fractions. 


The sample of oil taken for distillation measured about 600 
c.c. When this is fractioned into five fractions approximately 
120 c. c. is allowed each fraction. Each fraction is more than 
sufficient for the careful determination of viscosity, flash and 
fire points, and specific gravity. These tests are generally 
recognized as the most important tests of lubricating oils. By 
dividing the original oil into four fractions additional tests to 
the above could be made which would in no way affect the ac- 
curacy of the result. 

On plate A will be found in graphical form the results ob- 
tained by plotting average viscosity of the oil fractions against 
fractions of oil, per cent. Average viscosity was obtained as 
follows: If an A fraction was 30 per cent. of. the total weight 
of the oil taken for distillation and had a certain viscosity, the 
point was plotted on the 15 per cent. line, instead of on the 30 
per cent. line, because the average viscosity would be the mean 
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viscosity of the sample while it was growing from 0 per cent. 
to 30 per cent. The point was proven experimentally by com- 
bining equal volumes of known viscosity A and B fractions 
and determining the viscosity of the mixture. The mixture 
A and B fractions could be considered as an A fraction. The 
viscosity found did not come above the total percentage of A 
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and B, but it did give the average viscosity of A and B, or a 
A plus B 
— 
Instead of a lubricating oil being composed of. oils all hav- 
ing the same viscosity, Plate A shows us that lubricating oil is 
composed of a large number of oils having a’ wide range of 
viscosity, and it also shows us that the viscosity of an oil, as 
it is known to the trade, is simply the average of the viscosities 
of all the component oils of a lubricating oil. From Plate A 
we read, for example, that No. 700 oil contains 40.9 per cent. 
of oil with a viscosity below 200 sec. Saybolt and 59.1 per cent. 
of oil with a viscosity above 200 sec. Saybolt at 100 F. From 
this Plate the following tabulation might be drawn: 


point at per cent. 


--——_——-Percentage composition by weight om 
Vis. below 140 Vis. 140 to 500 

Name of oil. sec, sec. Above 500 sec. 
No, 703 25.0 per ct. 39.5 per ct. 35.5 per ct. 

702 29.0 43.0 28.0 

700 38.5 38.5 23.0 

704 17.0 63.0 20.0 

701 30.5. 5455 15.0 

705 36.0 74.0 0.0 


Considering the purpose for which the above oils are in- 
tended, it is extremely doubtful if a single argument could be 
brought forward to justify the presence of such a large per- 
centage of oils having a viscosity below 140 sec. and above 500 
sec. Saybolt. These very light and very heavy oils are unsuit- 
able for lubrication, and it is not logical to say that the mixing 
of two unsuitable oils will make a good lubricating oil. 

It is not the object of this investigation to pass judgment on 
the quality of the above oils, but rather to indicate which com- 
ponent oils of a lubricating oil should be in greatest abundance. 
The light oils of a viscosity below 140 sec. Saybolt are unde- 
sirable because in lubricating machinery they are exposed to 
conditions of heat, steam, and agitation which rapidly vaporize 
them, and consequently alter the viscosity of the lubricating 
oil and shorten the life of the oil. The heavy oils of a vis- 
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cosity above 500 sec. Saybolt are undesirable because they are 
more liable to decomposition than the oils of lighter viscosity, 
producing in decomposition tarry or carbon deposits, causing 
engine troubles. These heavy oils offset the light oils, and give 
a viscosity of a medium lubricating oil. When mixed with a 
light oil these heavy oils do not possess the properties of a 
heavy lubricating oil—that is, great molecular cohesion; but 
they temporarily possess the properties of a medium lubricat- 
ing oil, differing from a good medium lubricating oil in that 
they change rapidly in viscosity. 

From preceding data it is apparent that the life of a lubricat- 
ing oil in service can be relatively estimated. Lubricating oils 
containing a large percentage of component oils with a vis- 
cosity of 140 to 500 sec. Saybolt at 100 F. should give much 
longer service than lubricating oils low in these component 
oils. 

On Plate B will be found in graphic form the results ob- 
tained by plotting average viscosity of used and unused oils 
against fractions of oil, per cent. by weight. The oils tested 
were No. 700 and No. 705, obtained from U. S. S. Arkansas. 
The used oils had been in the system 100 hours. From page 479 
we read that No. 700 oil contains 38:5 per cent. of component 
oils with a viscosity of 140 to 500 sec. Saybolt. Oil No. 705 
contains 74.0 per cent. of component oils with a viscosity of 
140 to 500 sec. Saybolt. In view of foregoing statements, oil 
No. 705 should be more stable or less changeable in viscosity 
than oil No. 700. ‘This is true, as shown from the data and 
from Plate B. 

Attention is especially called to this Plate for the reason 
that the changes in the two oils of the used and unused are 
opposite in direction. Oil No. 705 changes with use accord- 
ing to what we would expect from the literature on lubricating 
oils, i. e., grow heavier in viscosity with use; Oil No. 700 re- 
verses and grows lighter with use. 

The decrease in viscosity and specific gravity of No. 700 oil, 
especially the decrease in gravity of the heavy ends (see data, 
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page 474, Run 13), is taken as an indication of the decomposi- 
tion or “ cracking” of the used oil. 

On Plate C will be found in graphical form the results ob- 
tained by plotting the average viscosity of the oil fractions of 
paraffine and asphalt base oils (data on pages 471 and 473) 
against the average temperature of volatilization of the oil 
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fractions with superheated steam. All authorities on lubricat- 
ing oils claim that the ideal lubricating oil is one requiring a 
very high temperature to volatilize, and possessing minimum 
fluid friction, 7. ¢., low viscosity when measured in seconds 
Saybolt. 

In view of the above results and for future reference it is 
to be noted that for the same viscosity, Saybolt, asphalt-base 
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oils are far more volatile than paraffine-base oils. If lubri- 
cating oils were not made up of a conglomerate of oils with 
varying temperature of vaporization and viscosity, as they are 
at the present time, but were composed of component oils of 
approximately the same viscosity and with the same tempera- 
ture of vaporization, there would be a definite relation between 
the viscosity and volatility of oils. 
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Puere E 


On Plate D will be found in graphical form the results ob- 
tained by plotting average viscosity of the oil fractions of 
paraffine and asphalt-base oils against the flash point in de- 
grees F’. of the oil fractions. The curves of asphalt and par- 
affine-base oils show the general tendency of asphalt oils of the 
same viscosity to flash at lower temperatures than paraffine- 
base oils of like viscosity. From data on pages 473, 474 
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attention is invited to the fact that, when a lubricating oil is 
fractioned, the first fractions distilled have a much lower flash 
and fire point than the original oil; in other words, by mixing 
heavy oils with light ends, the flash and fire points of the mix- 
ture are considerably raised above the flash and fire points of 
the lightest component oil. By subjecting a lubricating oil to 
fractionation as described in this investigation, information is 
obtained as to the choice of a lubricating oil possessing the re- 
quisite viscosity and having a maximum flash and fire test. 

On Plate EF will be found in graphical form the results ob- 
tained by plotting average viscosity of the oil fractions against 
specific gravity of the oil fractions. It is shown that for each 
individual oil there is an increase in specific gravity for pro- 
portional increase in viscosity. This point is important when 
considering used oils; for instance, the loss in specific gravity 
of “used” No. 700 (oil No. 13, page 474) might be accounted 
for.as the loss by vaporization of light oils of high specific 
gravity, were it not known that there is a gradual increase of 
specific gravity with increase of viscosity and temperature of 
vaporization of the component oils of No. 700. Moreover, 
knowing the specific gravity of the oil fractions of the “ un- 
used” oil, and from the loss in specific gravity of the fractions 
of the used oil, we are able at once to point out the component 
oils which have undergone decomposition in use. In the case 
of “used” No. 700 it was shown that the high-viscosity and 
high-temperature vaporizing oils underwent decomposition. 


CONCLUSIONS. 


The method described in this investigation meets all the re- 
quirements of a successful laboratory routine method for the 
examination of mineral lubricating oils as to the quality and 
quantity of component light oils, heavy oils and intermediate 
oils. 

The investigation of samples of representative oils showed 
that there was considerable room for the improvement of 
lubricating oils by the elimination of light and heavy oils, and 
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by the compounding of mineral lubricating oils from mineral 
oils having approximately the same viscosity, flash and fire 
points, specific gravity and temperature of vaporization. 

Marked difference between asphalt and paraffine-base oils 
in regard to temperature of volatilization, viscosity, flash and 
fire points, and specific gravity, were noted. 

Since all lubricating oils, when treated with chemicals, are 
either unacted on or give reactions not generally understood, 
it would seem highly important that the herein-described 
method of fractional distillation be developed to its fullest ex- 
tent; for the vaporizing temperature of an oil is one of the 
most valuable means of identifying an oil; especially applicable 
is this method to lubricating oils, for it increases considerably 
the use and value of standard tests already familiar to all of us. 

From the mechanical viewpoint, provided the oil is well re- _ 
fined, we are only interested in the viscosity of a lubricating oil 
(latest researches show that the viscosity of the oil controls 
the coefficient of friction) and the maintaining of this viscosity 
without change when in use. It is well known to the service 
what the viscosity of the lubricating oils should be for the dif- 
ferent purposes intended, but heretofore there were no known 
methods which would indicate between equally well-refined oils 
which oils would longest retain their viscosity without change 
when subjected to severe usage. The knowledge that shows 
a lubricating oil will retain its viscosity without change when 
subjected to severe usage is then equally as valuable, if not 
more so, than the knowledge of the original viscosity. The 
maintaining of the viscosity without change when in service is 
dependent on ‘the following factors: 

(v) Mineral lubricating oils should be compounded from 
oils which vaporize within narrow limits. 

(w) Mineral lubricating oils should be compounded from 
oils having relatively the same viscosity, specific gravity and 
flash and fire points. 
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SUBMARINE ENGINES OF THE GERMAN NAVY. 


By LiEuTENANT C. W. Nimitz, U. S. N., MEMBER. 


The modern submarine is isually driven by twin screws, 
and for surface propulsion depends on internal-combustion 
engines, one or more on each shaft. The earliest power- 
propelled submarines were equipped with reciprocating steam 
engines and coal-burning boilers. The advent of the gasoline 
engine, with its manifest advantages over the steam plant 
marked a new stage in the development of the submarine. 
The Diesel engine, coming immediately after the gasoline 
engine, soon outstripped the latter as the favorite mode of 
surface propulsion. A few kerosene engines were built for 
some of the earlier German submarines, but their use was soon 
discontinued. 

The Germans were quick to grasp the advantages of the 
Diesel engine and promptly took the lead in its manufacture 
for all purposes. The scarcity of fuels of all kinds within 
the boundaries of the German Empire acted as a natural 
stimulus to the development of economical machinery. The 
greatest advance was made in the manufacture of machinery 
for industrial purposes, although considerable progress was 
also made in the development of marine engines. 

The advantages of the Diesel engine over the gasoline and 
kerosene engines being so apparent, the Germans early at- 
tacked that most difficult of Diesel engineering problems— 
the development of a reliable submarine engine. With a 
wealth of experience in the general construction of Diesel 
machinery, it was only natural that the Germans should take 
the lead in the construction of submarine engines. 

The German Admiralty promptly recognized the advantages 

32 
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within its grasp and lent every encouragement to the manu- 
facturers of the country. What is more important, the Ad- 
miralty sent officers and men of the Navy to grow up with 
the engines and to acquire that knowledge of material so 
essential to the efficient and reliable operation of light, high- 
speed reciprocating machinery. 

The reliability of the surface motive power is by far the 
most important factor in the construction of a submarine. 
No matter how well the hull be designed and arranged; no 
matter how efficient the electrical equipment or the torpedoes, 
the submarine will be a failure if her main motive power is 
not absolutely reliable. Indeed, some builders have discov- 
ered, to their sorrow, that the submarine should be built 
around a reliable engine, instead of designing an engine to 
suit the hull. 

The surface motive power is also the weakest link in the 
submarine. The rapid increase in size and tonnage has made 
the problem of power supply more difficult. Though surface 
speed in a submarine does not assume such strategic impor- 
tance as high speed in a dreadnaught, the demands for speed 
made by various admiralties have been partly responsible for 
the many failures of the engines, and hence the submarines. 

The endurance of the submarine can be measured, first, by 
the endurance of the main engines; second, by the fuel and 
lubricating-oil supply; third, by the storage battery water sup- 
ply; and, then, by the endurance of the crew. With engines 
running properly there is little to do but stand watch, eat and 
sleep, on a submarine cruising or lying idle on station. On 
the other hand, if there be engine trouble, requiring constant 
repair work, the endurance of the crew will be extremely un- 
certain and limited. : 

Larger and longer hulls, with increased tonnage, are nec- 
essary to increase the speed and the radius of action of the 
submarine. ‘The reliability of the main engines in the larger 
hulls can be improved somewhat over the small boat machinery, 
provided that in’ the endeavor to obtain'‘the higher powers 


~¢ 
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necessary there be no reduction in machinery weights per 
brake horsepower. The habitability of the submarine, which 
under the very best conditions is poor when compared with 
surface craft, is also increased with the larger hulls. 

Whatever success has been attained by the Germans with 
their submarines lies more with their more thorough knowl- 
edge and experience-with Diesel motors than with their larger 
hulls and tonnage. The endurance of their boats can better 
be reckoned by the endurance of the engines than by the 
endurance of the personnel. As long as the engines stay 
together the crew can remain active and ready for duty. It 
has been the disheartening struggle with unreliable main mo- 
tive power that has been the real cause of our apparent sub- 
marine failures. 

The submarine engines of the German Navy are manufac- 
tured by both the Augsburg and the Nuremberg branches of 
the M. A. N. Co. and by Krupps at Kiel. The Augsburg 
branch of the M. A. N. Co. manufactures four-cycle engines. 
while Krupps and the Nuremberg branch of the M. A. N. build 
two-cycle engines. 

At the outbreak of the war the Augsburg works and Krupps 
enjoyed a monopoly of the submarine engine business for the 
German Navy, while the Nuremberg works were building a 
few engines for foreign submarines. 

Although the German Admiralty did not look with favor 
on the Nuremberg type for submarine use, the outbreak of the © 
war found several engines of this type for foreign govern- 
ments under test or under construction in the Nuremberg 
works. These engines were promptly installed in German 
hulls. : 

The determining feature in the length of time necessary for 
building a submarine is the length of time required to build 
the engines. It is difficult to conceive that submarines can be 
completely built in less than six months’, time. 

If, however, submarine engines of, one type and power are 
ordered in. sufficient numbers, the work can be standardized 
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and the time of construction considerably reduced. Such 
orders are usually not forthcoming, as each class of subma- 
rines generally represents an improvement, both in size and 
power, over the previous class. The number of boats or 
engines usually allotted by our Government to one contractor 
in the past has not been sufficient to permit of much reduction 
in building time by standardization. 


THE AUGSBURG TYPE OF SUBMARINE ENGINE. 


This engine, at the outbreak of the war, was of the four- 
cycle, single-acting type, directly reversible by compressed air, 
and was built to develop 1,000 B.H.P. in six cylinders at 450 
r.p.m. The cylinder bore was 310 millimeters and the stroke 
was 420 millimeters. The engine was directly reversible, 
using compressed air for the purpose, by moving the cam- 
shaft along its length, there being two cams for each valve. 
Two two-stage air compressors were driven directly off the 
crankshaft at the forward end of the engine. The bedplate 
and the crank case were separate steel castings, the bottom 
of the bedplate being closed by sheet iron. The crank case 
was box-shaped, with inspection doors abreast each crank pin. 
‘The cylinders consisted of cast-steel jackets with cast-iron lin- 
ers, while the heads were of cast iron. Each head had two 
fuel valves, one inlet valve and one exhaust valve, one air 
starting valve and one safety valve. In addition to the safety 

- valve in the head there was another safety valve in the side of 
each cylinder. All valves were fitted in removable cages or 
bodies and the exhaust-valve cage and valve were water- 
cooled. The inlet-valve cages were connected to a common 
air drum which had a connection to the crank case. The 
pistons were of cast iron and were oil cooled. Forced lubri- 
cation was used on all the main, crankpin‘and wristpin bear- 
ings, the latter being of white metal. 

The camshaft was driven by spiral gears and vertical shaft 
from the after end of the engine. 


Two plunger pumps for lubricating oil and piston’ cooling. 





‘HNIONG UNIAVNENS AO HdAL DANASDAY 























4 
Z 
— 
1) 
z 
w 
s 
S g 
BZ 
Pe — 
: < 
3 Z 
= 
=) 
s n 
° 
% 
=) 
a 
o 
=) 
<q 
































‘HNIONG ANIMVNENG AO AMAL OUNANAUON 











“HNIONY YWIOAD-OM] AO HMAY adnuy 


























SUBMARINE ENGINES OF GERMAN NAVY. 49! 


and two plunger pumps for cooling water, were driven off the 
forward end of the main crankshaft. 

The controlling gear was entirely mechanical and by hand 
and consisted of four levers; one for starting, one for revers- 
ing, one for fuel-pump control and one for controlling the 
lift of the fuel needle valves. The latter was necessary to 
economize spray-air pressure and to insure sufficient spray air 
at reduced speeds. 

The reversing-control lever raises the valve levers off the 
cams, slides the camshaft horizontally until the other set of 
cams are in position, then lowers valve levers. During reverse 
the spray air is automatically cut off. This engine had made 


six full-power duration runs of twenty-four hours each at the - 


_ time of the writer’s visit to the works. It could be throttled 
down to 70 r.p.m. At full load its fuel consumption was about 
200 grams per B.H.P. hour, this being equivalent to .44 pound 
per B.H.P. hour. 

Running at full load the injection-air pressure was about 
800 pounds per square inch, the lubrication and piston-cooling 
pressure 45 pounds per square inch, and the cooling-water 
pressure about 12 pounds per square inch. The weight of the 
engine was 51 pounds per B.H.P. 


THE NUREMBERG TYPE OF SUBMARINE ENGINE. 


Prior to the outbreak of the war the Nuremberg works had 
under construction or test a number of eight-cylinder, single- 
acting, two-cycle submarine engines for foreign governments. 
These engines were rated at 850 B.H.P. at 450 r.p.m., but 
powers as high as 1,050 B.H.P. have been obtained. 

The German engines. have eight working cylinders, with 
scavenger cylinders underneath, the piston being of the stepped 
type. The cylinder bore is 310 millimeters, the scavenger 
cylinder bore is 475 millimeters and the stroke of the engine 
is 340 millimeters. There are two two-stage compressors 
directly connected to the crankshaft at the forward end of 
the engine. The compressor dimensions are as follows: bore, 
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low-stage cylinder, 300 millimeters; high-stage cylinder, 100 
millimeters. The high-stage cylinders are mounted in tan- 
dem over the low-stage cylinders and the stroke of the com- 
bination is 250 millimeters. This engine weighs about 46 
pounds per brake horsepower. 

The bedplate is of cast steel and is of the open type. A 
sheet-iron casing, fitted on its lower side, forms the crank- 
pit to catch the oil from the piston-cooling and forced-lubri- 
cation system. 

The main bearing brasses are cored for water cooling. The 
main bearing caps are of cast:steel, heavily ribbed on top for 
strength and stiffness. 

The engine housing is of cast bronze and is provided with 
inspection doors on each side in the wake of the crankpins. 
The housing also contains the scavenger cylinders, the housing 
being bored to receive the cast-iron scavenger liners from 
below. The liners are bolted to a horizontal diaphragm run- 
ning the length of the housing. This diaphragm, with 
the scavenger jacket, forms an air passage in the upper part 
of the housing. ‘The inboard halves of the air space for each 
scavenger cylinder are connected to an induction main running 
the length of the scavenger cylinders. Air is supplied to this 
main, either from the boat or through a connection to a ven- 
tilator. The outboard sides of the air passages receive the 
scavenger air from the scavenger cylinders and deliver same 
to a scavenger receiver running the length of the working 
cylinders, and just under the exhaust pipe. The suction and 
discharge valves of the scavenger cylinders are flat spring- 
loaded disc valves. 

The main working cylinders are secured to the tops of the 
engine housing and are cored for water cooling, the jacket 
and liner forming one casting. The exhaust belt is in the 
lower part of the casting and conveys the gas to the outboard 
side of the engine into a water-jacketed exhaust header run- 
ning the length of the engine. 

The cylinder heads are of iron and are cast separately from 
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the cylinders and carry all the valves except the relief valve, 
which is let into the side of the cylinder. |The heads:are cored 
for water cooling and carry a fuel valve, two scavenger valves 
and an air-starting valve. 

The pistons are of cast iron and are made in two parts. The 
lower part forms the scavenger piston and the guide portion 
. of the working piston. The upper part is cored out: for’ oil 
cooling and is bolted to the lower section. The upper part, 
or working piston, has its bottom closed by a removable plate. 
The cooling oil passes from the main bearings into the crank- 
shaft, then through the crankpin and connecting rod to the 
wrist pin which is in the scavenger piston. From the after 
end of the wrist pin it passes through cored passages into the 
working piston. From the top of the chamber in the working 
piston the oil flows back to the crankpit, via cored passages 
in scavenger piston and telescopic pipes. The working piston 
is dished on top and carries five cast-iron rings. The scaven- 
ger piston is only about four inches deep and carries two 
‘rings. ‘Cast-steel babbitted shoes are bolted on the athwart- 
ship sides of the scavenger-piston casting below the scavenger 
piston. ‘These shoes take the wear due to thrust on the walls 
of the scavenger cylinder and can be adjusted for clearance by 
means of liners between the cast-steel shoes and scavenger- 
piston casting. , | 

A casing of aluminum in the scavenger piston above the 
wrist pin prevents the spattering of lubricating oil into the hot 
upper paft of the casting. Splash plates are also fitted in 
the crankpit to prevent excessive splashing of oil on scavenger- 
cylinder walls. 

The cam shaft-is directly over the center line of the cylinder 
heads and it is driven by spiral gears and a vertical shaft at 
after inboard side of the engine. The shaft carries one cam 
each for the fuel valve and the two scavenger valves, and two 
cams for the air-starting valve, one for ahead and one for 
astern starting. 

The vertical shaft contains a jaw coupling with a 30. degree 
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slip in the jaws. © This permits the camshaft on reversal to lap 
30 degrees behind the crankshaft; thus piacing all cams in 
proper position for.running in the opposite direction. 

The air-compressor cylinders and pistons are of cast iron 
and the pistons are of the tandem type. 

Forward of the compressors are mounted eight fuel-meas- 
uring pumps, one for each cylinder. They are driven by a 
rocker arm and eccentric from the main shaft. 

The handling gear is mounted on the forward end of the 
engine and consists in a control wheel which automatically 
controls the reversing and the speed of the engine. 

The crankshaft drives at its forward end a cooling-water 
pump, a lubricating-oil pump and a fuel-oil supply pump. 

This type of two-cycle engine, with scavenger cylinders un- 
derneath the working cylinders, possesses many advantages 
for submarine use when it is properly constructed. Its main 
disadvantage lies in the increased height of engine, while its 
many advantages are as follows: 

First: The wrist pin, being located in the scavenger piston, 
can be made much larger for bearing surface and can be kept 
out of the hot part of the cylinder. 

Second: The engine will be shorter in length and narrower 
in breadth than one whereon the scavenger pumps are driven 
off the end or back of thé engine. 

Third: The-larger number of scavenger pumps make for 
greater reliability, and a cylinder breakdown will not totally 
disable the engine, as might be the case with an engine having 
just one or two scavenger pumps. 

It is, of course, more difficult to remove a piston from this 
type of engine, but when properly built the necessity of remov- 
ing pistons is reduced. 


KRUPP TYPE OF TWO-CYCLE ENGINE. 


This engine, as built just prior to the war, was a six-cylin- 
der, single-acting, two-cycle engine, directly reversible by com- 
pressed air, and,developed about 900 brake horsepower at 450 
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r.p.m. At higher speeds of revolution about 950 brake 
horsepower was attained. 

The weight of this engine is about 45 pounds per brake 
horsepower. . 

This engine is built almost entirely in bronze, the cylinders 
and pistons being of cast iron, and the crankshaft, connecting 
rods, wrist pins and valves being of steel. 

At each end of the engine a double-acting scavenger pump 
is driven directly off the crankshaft. In the middle of the 
engine and driven directly off the crankshaft are two two- 
stage air compressors. This arrangement makes a very long 
engine. The handling station is in the middle of the engine. 
The camshaft is on the inboard side of the engine and carries 
two cams for each of the following valves in the head: one 
fuel valve, one air-starting valve and three scavenger valves. 
The three scavenger valves are operated by one lever from 
the camshaft. The operation of reversing consists in mov- 
ing the camshaft horizontally until the second set of cams. is 
in position. During this shift the rollers are held off the 
cams. The scavenger pumps deliver to a receiver back of 
the engine. ‘Two connections from each receiver supply the 
scavenger valves in the heads. The fuel and air-starting 
valves are inclined toward the inboard side of the engine in 
passing through the cylinder heads. 

It is quite possible, and also probable, that the power of the 
Augsburg four-cycle and the Krupp two-cycle engines has 
been increased by adding two more working cylinders. In the 
case of-the Augsburg engine there would then be available at 
least 1,350 brake horsepower on each shaft of a submarine. 
The Krupp engine would probably increase its power to the 
same amount, by adding two more working cylinders, but in 
this case the engine would be excessively long. _ 

Increasing the power by a slight increase of engine dimen- 
sions would not involve great changes in the outfit of patterns. 
It is quite possible that the Krupps have increased their power 
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by slightly increasing their engine dimensions, rather than by 
adding more cylinders. 

There is no: single company as yet in this edpintey which 
builds its own hulls and manufactures its own engines. The 
manufacturers of our engines in all cases purchase their crank- 
shafts either finished or rough turned, and some even buy their 
castings. Such conditions do not make for rapid construc- 
tion and will partly account for the length of time required to 
build-a submarine. The present state of the steel, iron and 
copper markets ‘should be a warning to our own country of 
how wartime demands for material for all forms of new con- 
struction work may seriously embarrass the builders of sub- 
marines and submarine engines. 

Within the last two years several American firms have un- 
dertaken the manufacture of high-speed marine Diesel en- 
gines suitable for submarine work, and while it may take some 
time to obtain a thoroughly reliable submarine engine, it will 
be forthcoming, provided these manufacturers receive proper 
encouragement ‘in the shape of orders from the Govern- 
ment. 

It is to be noted: with satisfaction that the Navy Department 
has finally decided to construct submarines and engines in 
some of the navy yards. Such a course, even though under a 
license, where all of our design work is done for us, cannot 
fail to increase our material knowledge. By these means and 
by a more thorough and lengthy course of instruction of the 
personnel in the propulsive machinery, we can increase the 
efficiency of our submarines. 

The crews of submarines are necessarily very small and the 
loss of one member from the engineer’s force usually means a 
reduction of about 10 per cent. in that force, while on a de- 
stroyer the loss of one man means about a 2. per cent. reduc- 
tion: On a battleship ‘this loss causes only about 14 per cent. 
reduction of the engineer’s force.'.The submarine service 
should have first choice in the matter of keeping the comple- 
ments full, or even overflowing. The submarine service 
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should also be made so attractive in the matter of higher pay 
that there will be a constant waiting list of applicants. 

In the matter of personnel the Germans are very fortunate, 
for not only has Germany a larger proportion of skilled me- 
chanics in her population than we in ours, but she has in addi- 
tion a compulsory system, whereas we must depend on voliun- 
teers for our recruits. 

It is obvious that under a compulsory system there would 
never be shortages in our crews, nor would we have difficulty 
in obtaining skilled mechanics or operators as machinists in 
our submarines. Highly skilled men forced to serve would 
naturally choose to serve in submarines where their skill and 
patriotic zeal is put to its hardest test. 

In our volunteer system we have occasionally received fresh 
from civil life recruits highly skilled in operating large in- 
ternal-construction machinery; such cases are, however,. ex- 
tremely rare. It has been a case of training and instruction 
from the first day on the submarine until the expiration of 
enlistment. Fortunately for our service, a large proportion 
of our submarine men reénlist. If it were not for that, we 


would indeed be. struggling vainly. in our efforts to produce 
efficient and mobile submarines. 
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U. S. S. JACOB JONES. 
DESCRIPTION, 


By W. F. SICARD, ASSOCIATE. 


o 
The Jacob Jones, Torpedo-Boat Destroyer No. 61, is one of 
six destroyers, of the same class, authorized by an Act of 
_ Congress approved March 4, 1913. These vessels were desig- 
‘nated as Torpedo-Boat Destroyers Nos. 57 to 62, inclusive. 

The circular calling for bids for these vessels was issued 
May 20, 1913. Plans and specifications were issued to pro- 
spective bidders May 31, 1913, bids were opened at the Navy 
Department, at noon, August 4, 1913, and the vessel was de- 
livered to the Government February 10, 1916. 

The contract for the construction of the Jacob Jones was 
awarded to the New York Shipbuilding Company, of Cam- 
den, N. J., at that company’s bid of $825,000, and dated Oc- 
tober 15, 1913. Of the contract price $486,000 was allotted 
to machinery. The contract contained the usual provisions 
embodied in the act entitled “An Act to increase the naval 
establishment,” approved August 3, 1886. ‘The vessel was to 
be completed within 24 months of the date of contract and 
there were the usual penalties for under speed and over time. 

The Jacob Jones is a twin-screw vessel propelled by Parsons 
turbines and designed for a speed of 294 knots, at a displace- 
ment of 1,150 tons, with the turbines developing 18,625 shaft 
horsepower. There is a cruising turbine and reduction gear, 
connected to the port shaft, for propelling the vessel when 
cruising. Steam is supplied by four Thornycroft boilers. 
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PRINCIPAL HULL DIMENSIONS. 


Length between perpendiculars, feet and inches 
on L.W.L., feet and inches 
overall, feet and inches 
Beam, extreme, feet and inches 
on L.W.L., feet and inches 
Ratio of length to beam (LW...) .......cc.ccsssscssecsesserssees soseeeeee 10.391 
Draught to L.W.L., mean, feet and inches 
Displacement corresponding, tons 
Coefficient of fineness, block 
midship section 
load water plane ......c00-.cse0- scene 


GENERAL DESCRIPTION. 


The Jacob Jones is of the usual raised-forecastle type. There 
are two masts, fitted with wireless, signal yards, etc., and four 
smokepipes. 

Forecastle Deck.—This deck includes the pilot house and 
provides for the stowage of anchors and bow gun. On topof 


the pilot house, and extending to the vessel’s sides, is the 
bridge, fitted with a steering wheel. Above the bridge is a 
searchlight platform. 

Main Deck.—The main deck is continuous from stem to 
stern. The officers’ quarters, galley, radio room, etc., are 
forward. Abaft the forecastle is a weather deck, on which is 
located the battery, and there is a deck house aft, containing 
the crew’s toilet rooms, etc. On top of this deck house is a 
steering platform and a searchlight. 

Platform Deck.—The platform deck extends forward and 
aft of the machinery spaces only. It contains the crew’s 
quarters and petty officers’ quarters and the steering gear. 

Hold.—In the hold are located trimming tanks, magazines 
and stores. The chain lockers are forward, and the machin- 
ery spaces occupy the entire mid-portion of the hold. The 
reserve-feed tanks are located in the after boiler compartment 
and the fresh-water tanks in the forward boiler compartment, 
on both port and starboard sides. The engineer’s store rooms 
are located on the starboard side of forward and_port. side. of 
after boiler compartments. 
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BATTERY. 


The battery consists of four 4-inch. rapid-fire guns, one on 
the forecastle, two on the main deck forward, on port and 
starboard sides at the break of the forecastle, and: one aft, on 
the main-deck center line, abaft the after deck house. 

The torpedo equipment consists of four 21-inch twin torpedo 
tubes mounted on the main deck, two port and two starboard. 


MAIN PROPELLING MACHINERY. 


The main propelling machinery consists of Parsons turbines 
in combination with a geared cruising turbine. There are 
two shafts. On the starboard shaft there is one high-pressure 
turbine, abaft which there is an independent backing turbine. 
On the port shaft there is a low-pressure turbine, and a back- 
ing turbine within the low-pressure casing. Forward of the 
low-pressure turbine is a geared cruising turbine. The 
arrangement is shown in Plate I. The cruising turbine is 
arranged to uncouple, through the medium of a clutch coup- 
ling, from the turbine shaft when revolutions greater than 
about 2,500 per minute are desired, these revolutions corres- 
ponding to a speed of 20 to 25 knots, and approximately 1,600 
shaft horsepower. ‘The turbine glands are steam packed and 
formed of knife-edge strips and gland rings. ‘There is a steam 
connection to the space between the knife-edges and the gland 
rings. The turbine steam chests are packed with dummy 
rings, forming labyrinth packing, to prevent leakage. 


REDUCTION GEAR. 


The gearing is of the double-helical type, divided in two, 
with right-and-left-hand teeth, having an angle of 42 degrees 
6 minutes, The total length of the gear wheel faces is 16 
inches. The reduction-gear wheel is of forged steel, Class 
“B”, in halves, in a plane at right angles to the shaft. ‘The 
pinion and ‘sleeve pitiion are’of nickel-steel, of about 90,000 
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pounds tensile strength. The gearing is installed within a 
cast-iron casing, divided on the horizontal center line. 


Particulars of Gearing. 





No. of P. C: Diam. Circular Spiral (Diameter over 


Wheels. ‘touts. pitch. angle. teeth. 





Main wheel .| 221 |4’—7.272”” 7854” 42°-6' | 4’-7.643!" 
Pinto. .°. si: 3% 7.753"| .7854” | 42°-6' 8.124” 




















Flextble, Coupling.—Thete is a double-claw flexible coupling 
between the cruising-shaft end and the pinion shaft, to allow 
for axial and slight lateral movement of the turbine and pin- 
ion shafts. Clearance is also provided, at shoulder of pinion 
bearings, to allow freedom for lateral movement of pinion. 

Turning Gear.—Gear is provided, on each turbine shaft 
line, for turning it by hand. 


SHAFTING AND BEARINGS. 


The starboard shafting is in four sections, consisting of two 
line shafts, one stern-tube shaft and one propeller shaft. The 
port.side has five sections, an intermediate shaft being neces- 
sary for extension to the reduction gear for the cruising turbine. - 

There are two stern-tube and one strut bearings for each 
line of shafting. These bearings are lined with lignum-vitae. 
Each shaft is bushed with composition at the bearings, and 
within its stern tube is cased with a seamless-drawn brass tube, 
shrunk on. 

The line shaft, on each side of the vessel, is supported by 
three spring bearings of the self-oiling type, lined with white- 
metal. 

The inboard coupling consists of a collar secured to the 
forward end of stern-tube shaft by four keys. Forward of 
this collar are two thin half-collars fitted into a groove turned 
in the end of shaft, to prevent the shaft from backing out, 


ne 
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the whole being through-bolted to the after coupling disc on 
the line shaft. 

The outboard couplings are of the ordinary sleeve type, 
secured to the shafts by four feathers and two cross-cotters. 

Clutch Coupling.—There is a clutch coupling operated by 
a handwheel, bevel gears, worm and rack, for disconnecting 
the reduction gears from the port main turbine shaft. It is 
at the after end of the intermediate shaft, the general particu- 
lars are as follows: 


Outside diameter, inches.......0.....ee.sse00e es liigpibsdapipnebdakibhinaecage<deuasces 

Diameter over all, inches 

Coupling rings, diameter, inches 
thickness at flange, inches 





This clutch was perfectly satisfactory. During trials the 
cruising .turbines were disconnected without a brake in 
continuity of trials. Cruising-turbine throttle was closed, 
clutch run out, and main throttle opened, in each case the 


reduction in speed was scarcely appreciable. Reversing with 
cruising turbine in operation is easily accomplished as the 
clutch is easily thrown out while the shafts are slowing or 
while they are momentarily stopped. 


Partiulars of Shafting. 
Intermediate shaft : 
Outside diameter, inches............cseceececsssccesee eee ovedscccasecctesseve oes 
Diameter hole through shaft, inches 
at journal, inches 
Length, feet and inches 
Line shafts: 
- Two sections, outside diameter, inches............ 
Diameter of hole through shaft, inches,..........0s:s5-ssesesecseesesseeesee 
at journals, inches..... cenbeded esbsovnidee od 
Total length of each section, starboard, feet and inches, sbiiat.: 


port, feet and inches 
Stern-tube shafts : 


Outside diameter, inches. 
Diameter hole through shaft, inches 
Composition —— at bearings, thickness, inch 
outside diameter, inches.. 
between bearings, thickness, inch.. 
Length of shafts, feet and inches.. ........i BTA. ctddet A cdiadde BNiSddes 


33 
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Propeller shafts : 
Outside diameter, inches 
Diameter hole through shaft, inches. 
reduced at ends to diameter, forward, inches 
aft, inches. ............00. 
Composition casings at bearings, thickness, inch 
outside diameter, inches........ .. 
Length of shafts, feet and inches 
Three line-shaft bearings, length, inches. 
Stern-tube, forward bearing, length, feet and inches 
after bearing, length, feet and inches 
Strut bearings, length, feet and inches... 
Coupling discs, diameter, inches 
thickness, inches 
Inboard coupling, diameter of collar outside, inches 
: inside, inches 
length of collar, inches 
thickness of half collars, inches 
Coupling bolts, number each coupling : 
diameter, taper, at face of coupling, inches............ 
Outboard coupling, length of sleeve, inches 
diameter of sleeve, outside, inches 


PROPELLERS. 


There are two three-blade propellers of manganese-bronze, 
the blades cast with the hubs, The starboard propeller is 
right-hand and the port propeller left-hand. The blades are 
machined true to pitch and the hub is secured by two keys 
anda nut. The taper of shaft through propeller is 1 inch in 


diameter per foot length. The actual particulars are as 
follows : 


Diameter, inches 

Pitch, inches : j 8235 
Helicoidal area, square inches ; 4,731 
Projected area, square. inches............... sedans cesses ceeses, 4,254 


0.882 
3,693 


MAIN CONDENSING APPARATUS. 


Main Condenser.—There is one main. condenser, oval in 
section, located in the engine room at center line.of ship.. ‘It 
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is of the curved-tube type. The tubes are curved in a vertical 
direction and expanded in both tube sheets: ‘The principal 
dimensions are as follows: 


Diameter of shell, maximum, inside, feet and inches 
Thickness of shell, inch 
tube sheet, inches 

Tubes, number 

diameter, inch 

thickness, mils 

length between tube sheets, feet and inches 
Cooling surface, square feet 
Main exhaust nozzle, area through, square feet 
Augmenter suction connection, diameter, inches 
Air-pump suction, diameter, inches ; 
Circulating-water inlef, diameter, inches... oes Mover 
Circulating-water outlets, two, diameter of each, itictiea:: 
Auxiliary exhaust connection, diameter, inches . 
Bleeder connection, diameter, inches 


Main Air Pumps.—The condenser is provided with two, 


Blake, vertical, twin-bucket, single steam cylinder, beam, air 
pumps, 14 X 28 X 28 X 18 inches. The suction and dis- 
charge pipes are rr inches and 9 inches in diameter, respect- 
ively. 

Main Circulating Pump and Engine.—The main circu- 
lating pump is of the Worthington bi-rotor, volute type, direct 
connected to a Terry, type C. M. B., 36-inch wheel, steam 
turbine. The rotors are right and left, 27} inches diameter, 
with 8 vanes each. The pump has the following connections : 


2 21-inch diameter sea suctions. 

1 07-inch bilge suction. 

I 30-inch diameter discharge to condenser. 

I 053-inch diameter discharge to augmenter. 


Feed and Filter Tank.—There is a feed and filter tank 
located in the auxiliary room. The capacity of the filter space 
is 285 gallons and of the tank proper 5ro gallons, total 795 
gallons. The filter chamber is in the top of the tank and so 
arranged that the entering water will flow over the top of a 





506 U. S. S. JACOB JONES. 


plate and leave in a similar manner, thus assuring the filter- 
ing material being always submerged. 


ENGINE-ROOM AUXILIARIES. 


Pumps.—A list of engine-room pumps and their connections 
is given-in Table I. 

Auxiliary Condenser.—The auxiliary condenser, connected 
through the auxiliary exhaust pipe to all auxiliary machinery 
and the augmenter, is located in the auxiliary room. It is of 
the curved-tube type, the tubes being curved in a vertical 
direction, and rolled into the tube sheets at both ends... The 
principal dimensions are as follows: 


Diameter of shell, maximum, inside, inches 
Thickness.of shell inch .. «...-. sax siendcscnssdenconssheceavsdibecsonesepetnceenslobes 
Tubes, number 
MIME SINCE ik ica se adnausd sienvachdaaaseieisecenes dikokatesbedaae® « eeuges 
thickness, inch 


length between tube sheets, feet and inches 
Cooling surface, square feet 
Diameter auxiliary exhaust connection, inches 
dir-pump suction, inches 
circulating-water inlet and outlet, inches 


Auxiliary Air Pump.—See Table I. 

Auxiliary Circulating Pump.—This pump is of the Worth- 
ington, 3-inch, double-suction, Class B.S., high-speed, volute, 
impeller type. For connections see Table I. 

Vacuum Augmenter.—There is an augmenter condenser, 
provided with a S. & K. vacuum augmenter, fitted in connec- 
tion with the main condenser. It is of the straight-tube type 
with steam jet and water seal. It is connected to the main 
condenser and the water seal. The auxiliary exhaust 
connection was installed as an experiment and very satisfactory 
results have been obtained. The augmenter uses the auxiliary 
exhaust steam only and produces a better vacuum than the 
Parsons augmenter which uses live steam. On the preceding 
destroyer it was necessary to by-pass considerable auxiliary 
exhaust steam to the main condenser. With the augimenter 
as fitted on the Jacob Jones it was found unnecessary to by- 
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pass any of the auxiliary exhaust steam to the auxiliary or 
main condenser, and a considerable economy has been effected 


at all speeds. The principal dimensions of the augmenter 
condenser are as follows: 


Diameter of shell, inside, inches 
Thickness of shell, inch 
Tubes, number 
diameter, inch 
thickness, mils 
Distance between tube sheets, inches 
Cooling surface, square feet 
Diameter vapor inlet, inches 
vapor outlet to water seal, inches 
auxiliary exhaust connection, inches............. 
air-pump suction, inches 
circulating-water inlet and outlet, inches 


FORCED-LUBRICATION SYSTEM. 


Forced lubrication is applied to the main turbines, cruising 


turbines and thrust bearings. The system is supplied with 
oil at a pressure of about 10 pounds. Macomb strainers are 
installed, in oil-suction pipes, at the pumps. The system, 
located in the engine room, comprises two lubricating-oil 
pumps, with connections as given in pump table, one oil 
cooler, two 200-gallon settling tanks, each fitted with heating 
coils, and one 200-gallon drain tank. The capacity of the 
oil cooler is 3,000 gallons per hour, sufficient to cool all the 
oil in the system from 130 degrees F.. to 100 degrees F. with 
cooling water at 60 degrees F. The circulating water for the 
oil cooler is supplied by the main circulating pump, with an 
emergency connection from the fire main. The particulars 
of oil cooler are as follows: 


Number and type...One Schutte & ihe a No. 181 spirally corrugated film. 
Capacity per hour, gallons... Ve oe hpabksd pecheded 
Film space, inch ......s00...s04sssese-ccceeseeseeeeses dasoceesece bbeacees ssacah. cochsoad 
Cooling surface, total, square feet 
Length over all, feet and inches......ccc-ssecccercsceesceecessceseeeee sosceeees a 
Shell (cast iron), diameter, inside, inches 
Diameter circulating water inlet and outlet, inches 
Oil inlet and outlet, INCHES.....0....:sccccesccrscceneereceeeesee canes 
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WATER SERVICE: 


There is no independent water-service system; water being 
supplied from the hose connections at the pumps, 


BOILERS. 


There are four water-tube oil-burning boilers of the Thorny- 
croft type, arranged in pairs in two separate watertight com- 
partments as shown in Plate II. They are designed for a 
working pressure of 265 pounds per square inch per gage, 
and are operated under the closed-fireroom system of forced 
draft. Each boiler has an independent smoke pipe. 


Data for One Botler. 


Working pressure, pounds per square inch, per gage. 
Number of furnaces 

Furnace volume, cubic feet... Sida Ri ie eieisoeeeet 
Area through smoke pipe, need feet 


Smoke pipe area 
Furnace volume 
Heating surface, square feet 
Heating surface 
Furnace volume 
Oil burners, number ‘ 
Oil burners, type : Bureau air registers. Koerting burners. 
External height, including lagging, feet and inches........0000i..... 13-06 
width, including lagging, feet and inches...................000 16-02 
length, including lagging, feet and inches 14-03} 
Tubes, outside diameter, inches or} and o1% 
thickness, mils.. 
number, 14 diameter, ................. 
1% diameter 
Downcomers, inside diameter, inches......... ......0sseseceses seven II k 
thickness, inch,. s.ciceiessee-cccidcosscnscscencrscoecst pe dupleb des te 








thickness, shell, inch.........0. ssccscsce secesesenesysseebs bacess 

tube sheet, inches...... alorebevecatepegbets opnep 

Water drums, number... cocscccce cesses cosesecseresees 
inside Aenean iecien 

thickness, shell, inch..............0ss-sescesses eccess eee ah 

tube sheet, inch..............+« Seienitne | doch ontactent 
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Diameter main steam stop valve, inches 
auxiliary steam stop valve, inches. 
safety valves (two duplex), each valve, Memeiat. inches. 
main and auxiliary feed, stop and check valves, inches... 
bottom-blow valves, inches 
surface-blow valves, inches, 


The water drums of boilers are welded with no seams. 


FUEL—OIL SYSTEM. 


Steam is generated by the combustion of fuel oil, burned 
by the mechanical atomization system. 

The fuel-oil pumps, pipes and heaters are located in the 
firerooms. The system in each fireroom consists of a light- 
service booster pump, two heavy-pressure duplex, service 
pumps and two oil heaters in each boiler compartment to- 
gether with all the necessary fittings, piping and strainers. 
The pump connections are as given in Table I, and there is, 
in each fireroom, one Schutte-Koerting 1} by 3}-inch triplex, 
hand oil pump, with two cranks, for supplying oil to the 
burners when raising steam. There is a Schutte-Koerting 
1f-inch interlocking duplex-pressure oil filter. The air 
registers are of the Bureau of Steam Engineering type with 
Koerting burners and there is an air chamber in the com- 
bined discharge from fuel-oil service pumps. 


FIREROOM AUXILIARIES. 


Forced-Draft Blowers.—There are two forced-draft blowers 
in each boilercompartment. The fans are of the Green radial- 
flow type mounted on vertical shafts in the base of the fire- 
room ventilators from which the air-supply is taken. Each 
fan is driven by a vertical G. V. type Terry steam turbine, 
located immediately below the fan. The forced-draft blower 
data is as follows: 


Fan, greatest diameter, inches............... 

least diameter, inches 

width, overall, inches 
Number of vanes............... tel eldee'deeVddsbebs \icbdadddsessbedsusdbsdavece descess : 
R.p.m., designed, about 
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Pumps.—Table I gives the list of fireroom pumps and con- 
nections. 

Pneumatic System.—There is a torpedo air compressor 
located in the forward port side of the auxiliary room. There 
is also a pneumatic system for the use of the engineer’s de- 
partment, consisting of one 11 X II X 12-inch Westinghouse 
air compressor, located in the after starboard corner of the 
after boiler compartment, with one 12.8 cubic feet capacity 
air-storage tank. There is a 1-inch diameter copper pneu- 
matic main, extending through the machinery spaces with 
downtakes, in each compartment, #-inch diameter terminating 
in #-inch hose valves. 

Feed-Water Heaters.—There is a iddizdntal feed-water 
heater in each boiler compartment. Particulars of each feed- 
water heater are as follows: 


Schutte & Koerting, spirally-corrugated film, Navy type. 


Capacity 125,000 pounds water per hour, heated from go° F. to 200° F. 
Number of tubes 


Tubes, outside diameter, inches.........-......000 
thickness, mils 
Heater, length over all, feet and inches 
diameter of shell, inches 
thickness of shell, inch.......00......seeeeeeers abssebee sebeeveosvasiecante 07's 
Material, shell Steel plate, Class B. 


heads and covers Cast steel, Class B. 
Exhaust connections, inlet, diameter, inches.............0..cesecscees- 


outlet, diameter, inches 
Feed connections, inlet and outlet, diameter, inches 


MAIN STEAM PIPES. 


A 7-inch diameter main steam pipe leads from the stop 
valve on each boiler. The pipes from the forward boilers 
unite into a common pipe, 93 inches diameter, leading aft on 
the port side, and those from the after boilers into a similar 
pipe on the starboard side, Both 9}-inch pipes lead to the 
engine room and branch to the main turbines and the cruising: 
turbine. There is a valve in each 9}-inch pipe on the engine- 
room side of the bulkhead, There is a pipe abaft the engine- 
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room main stop valves, cross connecting the main steam pipes 
on port and starboard sides of the vessel. Maneuvering pipes 
lead from the valves at the starting platform to the L.P. ahead 
and to each astern turbine. The main steam pipes are of 
seamless-drawn.steel. . 


AUXILIARY STEAM PIPES. 


Thert is a 33-inch diameter stop valve on each boiler for 
supplying the auxiliary steam line which leads throughout 
the machinery spaces with connections to the various aux- 
iliaries and with a branch, forward, to the deck machinery, 
forward heating system and galleys. The auxiliary steam 
pipes are of seamless-drawn steel. 


AUXILIARY EXHAUST PIPES. 


An auxiliary exhaust pipe, of copper, extends throughout 
the machinery spaces and elsewhere and is connected to all 
of the auxiliary machinery. Connections are provided for 
direct exhaust into either the main or the auxiliary condenser, 
the augmenter, the feed-water heaters, or into the atmosphere 
through the after escape pipe. There are also connections 
for admitting exhaust steam to the stage of ahead turbines to 
which the pressure in the auxiliary exhaust pipe corresponds 
at the various speeds. There is a 73-inch diameter escape 
pipe abaft each smoke pipe. 3 


FEED PIPES. 


The main and auxiliary feed pipes take their suctions from 
the feed-suction main, which extends from the bottom of the 
main feed tank to the auxiliary feed pump in the forward 
fireroom. ‘The main is 8 inches diameter in the engine room, 
decreasing in size to 5} inches in the forward fireroom. The 
suction branches to all feed pumps are 5} inches diameter. 
All feed pumps are arranged to feed any boiler via the feed 
heaters or by-passes. The feed discharges from pumps are 
4 inches diameter and the branches to each boiler 3 inches in 
diameter. There is a 4-inch independent main connecting 
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the auxtliary feed pumps. All boiler feed pipes lead to air 
chambers, on the feed-check valves, at the boilers. 


MACHINE TOOLS. 


There is, located at forward end of after fireroom, on star- 
board side, a 12-inch Davis lathe, having a 6-foot bed and 
provided with all necessary tools and attachments. It is 
driven by a Reliance motor 1} horsepower direct-current, 
adjustable-speed type with speed ranges from 500 to 1,500 
r.p.m. 

ELECTRIC: PLANT. 

The dynamos are located as shown on Plate I. The in- 
stallation consists of two horizontal, compound-wound, direct- 
current, 25-kilowatt G. E. generators, each driven by a Curtis 
steam turbine, Each generator will deliver at normal load 
200 ainpéres of current at 125 volts, when running at 3,600 
T.p.m. 

HEATING PLANT. 


A steam-heating plant, working at a pressure of about 50 
pounds, is provided for the living and other spaces. Steam 
for heating is taken from the auxiliary steam pipe. 


TORSION METERS. 


Gary-Cummings torsion meters, one for each line shaft, are 
installed for measuring the shaft horsepower. 


EVAPORATING AND DISTILLING APPARATUS. 


The distilling apparatus is located in the auxiliary room. 
There are two evaporators, two distillers, and one evaporator 
feed-water heater, with all accessories, arranged to operate in 
single or double effect. 


Data for One Evaporator. 


Schutte-Koerting, horizontal U-tubes. 
Diameter, inside, inches 
Thickness of shell, inch..........:..cssccoessoscs secsscesceeaesecececesoossersceees ~  OOyz's 
Height overall, feet and imches ..........cs00...s..sesesscesscceessseecesescsccses 5S~OOE 
MANO AUAMEOION 555 ¢5550050)s <esaerbenesabes cebvupane stedelenises Pibkewes: Scossseaeses). oe 


‘ 
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Data for One Distiller. 


SEY PE: <.sskass sdscarses sdeesiduesecs cdcsssecesoestue sesoeeeee Bureau, vertical, straight tubes. 
Diameter, outside, inches 
Thickness of shell, cast irom, imCh. .............ccccceeceecceeee socece coveee secees 0075 
Length between tube sheets, inches bedas teenage. ae 
Tubes, nhmber 81 
diameter, inch : : oo§ 
thickness, mils Sendscecal, <i 
Cooling surface, square feet......... aot sedchcvcnph obs Hu cadeticisees ¥ Oe 
Diameter circulating-water coeinactions, lichen. cvstccccsscsosceccesess OF 
vapor inlet, inches 04 


Data for Evaporator Feed-Water Heater. 


Type and number............cecseseee0e daicegcoaenst the ssieeciee actin 
Number of tubes 
Inside diameter of tubes, inches 
Thickness of tubes, mils............cccsecsccsecsecsceececcesceseseee peacepigatgicdess 
Heating surface, tubes, square feet 
tube sheet 
total .. eedes ceiaes 
Diameter vapor soil, ite. 
Area vapor connection, square inches .......0.-...ssecssseeeseeeeeeseseees sages 
through tubes, square inches 
Ratio vapor area to tube area.. ........ peasaiaqnie<carasdpesapichbebe seeks See Awe Tit. 


TRIALS. 


The standardization trials, were conducted on December 
17, 1915. 

The official speed and revolution curve gave the following 
mean revolutions per minute of the propellers as necessary to 
obtain the speeds stipulated by the trials : 


Speed in knots. R. P. M. 
12 184.6 
16 244.2 
20 308.1 
25 416.7 
29 559-8: 


All trials were successful in all particulars. 
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TEST OF WARD BOILER. 


By Litutenant S. M. Rosrnson, U. S. Navy, MEMBER. 


A Ward boiler was tested by a Board consisting of Lieuten- 
ant Commander H. C. Dinger, U. S. N., Lieutenant S. M. 
Robinson, U. S. N.,-Lieutenant A. M. Penn, U.S. N., and 
Mr. A. Conti. 


Particulars of the boiler tested are as follows: 


Type of Boiler 

Total tube heating surface...’ 4,405 square feet. 
Volume of furnace 476 cubic feet. 
Fuel used 

Number of burners 

Type of burners 


DESCRIPTION OF TEST OUTFIT. 


The apparatus and arrangement for test are indicated on 
Plate 1. The boiler was fitted with wooden air box at front, 
fitted with air lock. Air was supplied by means of a motor- 
driven Sturtevant blower. As the blower motor was of the 
constant-speed type, the air supply was regulated by means of 
a butterfly shutter in blower discharge and a sliding door on 
front of air box. 

Feed Water.—Feed was supplied by means of two horizontal 
Blake plunger pumps discharging through two Reilly feed- 
water heaters, the boiler being fed through two check valves. 
Temperature of feed was taken at the feed valves. 
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Oil.—Oil was supplied by means of two Blake horizontal, 
piston, simplex oil pumps, discharging through Reilly. oil-fuel 
heater (coil type) to the fuel-oil main at boiler front; a special 
air chamber was fitted on the discharge line. There were 
fitted in addition three large air chambers near oil heater. 
These additional air.chambers were found necessary in order 
to reduce fluctuations in pressure. Temperature of oil was 
taken at boiler front. Oil used was Elk Refining Company’s 


paraffine-base West Virginia oil, of the following character- 
istics : 


Special gravity at 60 degrees 

Baumé, degrees F, ...........cccecce cee: eGipeet ts Shee ney ge cS E 
Flash point, degrees F. ...........0...0 0005 Pyne ae 48 ae CM i Eee eh ops 144 
Fire point; Gemeeea se 60 os ces ecw dare ens: ctahaidesduseepaseiaut 270 
Viscosity (Engler), at 60 degrees F. ........... sx bianw no Lewes 


B.T.U... 
Sulphur ... 


Method of Measuring Water.—Feed was measured by tak- 
ing account of number of tanks, from tank calibrated by actual 
water measurement and found to contain 4,875 pounds. Tank 
measurement was taken at beginning and end of test, and cor- 
rection applied. Correction was also applied for difference in 
boiler-water level at beginning and at end of test. 

Method of Measuring Oil.—Oil was measured by_weighing 
actual oil every ten-minute interval. After having weighed 
tank, oil was run into a pump-suction tank. The height of oil 
was brought up to.a mark at the end of each ten minutes, 

Steam generated was blown into atmosphere, except that 
used for pumps and feed heaters. 

Gas Analysis—A Hayes CO, apparatus was connected to 
the base of the stack. Samples of gas were taken every half 
hour. ‘The results of the gas analysis are believed to be un- 
reliable, as they show very little excess of air used over. that 
theoretically possible; as there was smokeless. combustion at 
all times, this would be impossible. _ An electric pyrometer was 
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fitted in base of stack. This was checked during trials with 
a mercurial pyrometer and found to be accurate. 

Quality of Steam.—A throttling calorimeter was fitted just 
below steam connection to stop valve. 


TESTS. 


Three tests were run, the first test to determine the efficiency 
of the boiler when burning oil at the rate of 2,300 pounds of 
oil per hour, the second when burning oil at the rate of 1,500 
pounds of oil per hour, and the third test when burning oil at 
the rate of 3,100 pounds of oil per hour. 

Test No, 1.—Approximate rate, 2,300 pounds of oil per 
hour. Test begun 5:00 P. M., February 7, 1916, ended 11: 00 
P. M., February 7, 1916. Seven burners fitted with 5/64-inch 
tips and 3/64-inch plugs were used. 

Two oil pumps, two feed pumps, two feed heaters were in 
operation throughout the test. 

There was some vibration on several occasions during the 
trial due to lack of care with air regulation. 

There was no observable smoke during the entire trial. A 
small excess of air was supplied. 

At 8:00 P. M. one feed pump broke down and operated in- 
differently during the remainder of run. 

The casing of the boiler, especially the left side in wake of _ 
lower rows of tubes at back, became red hot in places, indi- 
cating insufficient lagging behind the brick. 

Test No, 2.—Approximately 1,500 pounds of oil per hour. 
Test begun midnight, February 7, 1916, ended at 6:00 A. M., 
February 8, 1916. Seven burners were used. The burner 
used was 1/16-inch tip and 3/64-inch plug. 

One oil pump, one feed pump, one feed heater were in oper- 
ation. 

The conditions were very steady during the entire trial. The 
combustion was excellent. The casing became quite hot at 
sides near back of boiler. 

There was no observable smoke during the entire run. 





PLATE I.—WARD TEST BOILER. 
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At end of test boiler was let down, brickwork appeared in 
very good condition; the bottom appeared to be somewhat 
uneven, indicating that magnesia under bricks was disintegrat- 
ing to some extent. 

During February 8th the feed pump was overhauled. Ad- 
ditional asbestos millboard was placed behind metal side casing, 
and the brickwork, especially that on left side of boiler, was 
repaired. 

Test No. 3.—Approximate rate 3,100 pounds of oil per hour. 
Fires were started at 12:30 P. M., February 9, 1916. Data 
for test was taken from 1:30 P. M. ‘Test ended 6:30 P. M. 
On account of insufficient time to get boiler warmed up to 
proper conditions, it was decided to use data for four hours, 
from 2:30 P. M. to 6:30 P. M. Seven burners were used. 
The burner used was 3/32-inch tip and 3/64-inch plug. 

Two oil pumps, two feed pumps and both feed heaters were 
used. 

Owing to lightness of oil, difficulty in forcing a sufficient 
amount through the burners was experienced when oil was 
heated. The oil was therefore not heated after the first hour. 
With cold oil the required amount of oil was burnt. 

There was no observable smoke during the entire run. 

The left side of casing became red hot during test, indicat- 
ing that there is insufficient insulation in casing as built. 


Synopsis of Tests. 





Test No. 





Approximate rate of oi] burner per hour required 
by schedule 7,360 
Oil actually burned, pounds per hour 
Pounds of water evaporated from and at 212° F. 
with oil as fired Of 19,879 B.T.U.....ccc00e seeeeeees 
Reduced to 19,000 B.T.U,.......c00.sesssessseee 
Guaranteed for 19,000 B.T.U..........00+ sssees 
More than guaranteed 














34 
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COMMENTS ON OPERATION OF BOILER. 


The boiler steamed freely under all the tests. The circu- 
lation is evidently satisfactory. Small propellers were placed 
in two of the intermediate four-inch tubes, with a rod running 
through the handhole. ‘The movements of these rods indicates 
a down-flow in the four-inch tube at all rates of steaming. 


After the regular test the Charles Ward Engineering Works, 
at the suggestion of the Board, installed propellers in several 
of the two-inch tubes to ascertain the character of the circula- 
tion. The result was as follows. (See Plate 2.) 


Number 2 began to revolve in about five minutes after the 
fires were started; the direction of rotation showed down-flow 
in these tubes. Number 1 hesitated slightly, showing some 
inclination to turn left-handed, which was probably due to the 
suction caused by the down-flowing water from Number 2. 
This condition changed before steam was raised, and Number 
1 began to revolve in the opposite direction, showing that the 
water was flowing up the lower bank of two-inch tubes. Num- 
bers 3 and 4 began to revolve left-handed in about ten minutes 
after the fires were lighted, the speed increasing until they 
were running like windmills, so fast that the revolutions could 
not be counted; the direction of rotation showed down-flow in 
these tubes. Number 5 remained stationary until there was 
about 50 pounds of steam on the boiler, and then it commenced 
to revolve in a left-handed direction, indicating that as soon 
as the water level raised on the high side of the tubes, due to 
the steam-making condition, there was a down-flow through 
the two-inch tube mentioned. 


From these experiments it is inferred that the flow is’ up- 
ward through all the two-inch tubes below the middle baffle, 
and downward through all the two-inch tubes in the upper 
portion of the boiler, the velocity being quite rapid, for, as 
stated, the propellers were revolving in the neighborhood of 
200 r.p.m. or more. The high velocity of the propellers in the 
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small tubes is due to the fact that the shafts were of very 
small diameter and consequently there was very little friction. 

To establish the volume of water flowing down through 
the four-inch tube, one of the propellers was removed and in- 
stalled in a short piece of pipe (as shown by the accompanying 
sketch), this being connected to the city water main and the 
propeller operated under a pressure of about 40 pounds, the 
discharge being throttled until the propeller made approximate- 
ly the same number of revolutions as it did in the boiler. 
Readings from the water meter over a period of five minutes 
showed that there was about 50 gallons per minute passing 
through this tube. This, however, is only an indication of the 
amount of water flowing through the four-inch tubes, as the 
friction on the propeller was very much greater under the 
higher pressure conditions existing in the boiler. 

The foregoing results are very interesting, and are believed 
to throw a new light upon the problem of circulation in boilers 
of this general type of construction. They also indicate that 
the baffling as arranged secures the benefit of the counter-cur- 
rent principle throughout the boiler. 

The casing as constructed is insufficiently insulated for 
high rates of combustion. This can, however, be easily reme- 
died by providing additional insulation, and, if brickwork is 
provided with anchor bolts, injury due to panting will be 
avoided. 

No distortion of any of the lower tubes was observed, and it 
is apparent that there is no difficulty in giving the lower tubes 
an ample supply of water. 


COMMENTS ON DESIGN OF BOILER. 


The design gives a very compact HERI DE boiler with 
good circulation. 

The baffling as arranged gives a counter-flow action between 
water and gases through the boiler, which apparently secures 
very high efficiency. 
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Tabulated Results of Tests. 









aAP&® N 


SO 


II 


13 


14 
16 
17 
18 
20 
21 


22 


23 
24 


25 
26 
27 
28 


29 
30 











Test No. 2 I 3 
Barometer .5.4.....coesesceseceonee sevens 30.79 30.73 30. 55 
Length of test averaged, hours... 5 6- 4 
Number of burners used.............. 7 7 7 
Bore of burner tips, inch... oop; 004°; 00;'; 
Steam Observations. 
Steam pressure, pounds gage...... 194.75 196 197.6 
Calorimeter shell pressure, ins. 
OT, FAG isarentanbeskibenkes sras onleniacacns 2.82 2.8 2.6 
Calorimeter shell temperature, 
egrees F, ...is...0.ccccsscconsseccnces 305.3 305.7 304.6 
Feed temperature of boiler, we vik 183.6 113 168.3 
Water actually keeps Ibs. 
per hour..,.... py seppepeinsenaeke: sib soe] 23,532 35,082 45,878 
Oil Dheoreadions. 
Oil burned, pounds per hour...... 1509.7 2,440.7 3,082 
Oil pressure at burners, lbs. gage. 258 255 283 
Oil temperature at burners, °F... 163 14! 50.5 
Air Observations. : 
Fireroom pressure, ins. of water.. 2.34 4.91 4.96 
Fireroom temperature, degs. F.. 62 74 64 
Stack temperature............ 20. aban 418 475 520 
Smoke, Ringelmann scale........... O.1 OI 0.1 
Flue Gas Analysis. 
Carbon dioxide. scccccve....c-cescessee 12.48 12.61 13.14 
CEPT occa sks capanasnnsasicneaibene sees 3.08 2.97 1.89 
CARBON ODD MAUS i ieniceccsstescasesi]” * issoscces’ | asesenebe” [> shaseesis 
Nitrogen (by difference)............ 84.44 84.42 84.97 
Calculated Results. 
Moisture in steam, fraction of 1 
Per CONE cos... cecesseeveee eo cevcce sevees -616 -606 69 
Factor of evaporation..........0...++- 1.0738 1.1466 1.089 
Pounds of water evaporated per g 
pound of Off 00.2... ..seceeeccssesees 15.59 14.37 14.89 
Pounds of water evaporated from| ~° 
and at 212° F. per Ib. of oil: 
{3 oil of 19,379 B.t.u....... 16.73 16.48 16.21 
rednced to 19,500 B.t.u ........ 16.41 16.17 15.90 
Water evaporated per square foot 
of H.S. per hour, actual.......... 5.342 7.964 10.415 
Water eyensnetel per square foot 
of H.S. per hour, from and at 
212 degrees Wr stecsevecsketes esddecons 5-730 9-131 11.34 
Pounds of oil burned per square 
foot of H.S. per hour............ “ +3427 5541 6996 
Pounds of oil burned per cubic 
foot of furnace per hour.......... 3.17 5.125 6.475 
Boiler efficiency, per cent........... 81.68 80.45 
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The manner of staying the water chambers is considered 
efficient, and no trouble should be expected from the design of 
water chambers. 

There is ample space in the header beneath the edges of the 
lower tubes to allow for the collection of sediment, should this 
be contained in the feed water. 
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ANALYSIS OF STRESSES IN CONNECTING 
RODS. 


By Karu F. SMITH, LiEvT., J. G., U. S. N., MEMBER. 





In all machine design at the present day there seems to be 
a tendency on the part of the producer to base his design upon 
certain empirical formulae which practice has “ shown to be 
satisfactory,” without examining too closely the rationality of 
the formula itself. While in most cases such a procedure is 
justifiable, there arrives a time when changing conditions may 
warrant a change in our formulations. 

The object of this paper is to show in particular that the 
stresses deduced by the formulae for connecting rods now in 
general use are misleading and give results much below the 
actual stressin the rod. While this is undoubtedly true, there 
is little danger of failure due to the fact that the allowed 
fiber stress is purposely kept low in these parts. However, in 
the design of high-speed engines, where weight is a big factor 
in design, the danger from these excess stresses becomes more 
pronounced. 

The fact that one stress which, contrary to general opinion, 
is of extreme importance has generally been neglected ex- 
cept for the arbitrary “factor of safety,” will be pointed out, 
and a formulation which is rational for all rods and for any 
material shown. 

Before starting our formulation we must first examine what 
conditions exist in a connecting rod at any instant, that is 
with the rod at rest, and later see what effect the rotation will 
have on these stresses. 

We immediately see that at rest this rod may be either a 
compression or tension member—compression on the down 
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stroke and tension on the up stroke. It is seen immediately 
from the relation 


Load on rod _ P 


Stress intensity = hiien aad To 


that the strength in tension is amply sufficient for any proba- 
ble load on the rod. We have, therefore, only to investigate 
the failure under compression. 

Due to the form of the wrist and crank-pin bearings we see 
also that this rod partakes of a dual nature ; that is, in the plane 
parallel to the shaft the rod may be considered as a column 
with “fixed ends,” while in the plane of oscillation it is a 
column ‘with “pin ends,” and free to take up any angular 
position in this plane. 

All theories and experiments show that the collapsing load 
is much greater for fixed ends, and we have only to consider 
collapse due to loading, which may cause bending in the plane 


of oscillation. 
EULER’S THEORY. 


Euler’s theory, which is rational for long columns where 
the effect of direct compressive stress is negligible, gives values 
for failing loads which agree fairly well with experimental 
data wethin certain limits. 

It has been shown experimentally that in perfectly straight, 
long columns of homogeneous material, with a compressive 
load axially applied, the column will buckle and collapse un- 
der a much lighter load than is required to produce fazlure by 
crushing tn a short column of the same cross-section area and 
form. ‘This failure is caused by stresses induced by bending, 
and it is therefore easily seen that no formula is rational 
which would give a stress intensity, on the most strained 
fiber of the material, exceeding the elastic limit. For ex- 
ample, we may load any column up to a point where the 
fiber stress “at the most distant point from the neutral axis” 
reaches the elastic limit, and obtain a certain definite deflec- 
tion with the load. Any load, however minute, past this 
point will cause the beam to give, and, as seen in Fig. 1, this 
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increases the bending arm, which, in turn, increases the fiber 
stress still more and collapse occurs. 

Considering, then, the connecting rod as a long column with 
pin ends, we have a condition as shown in Fig. 2 A. 


A Figure az B 


Euler’s theory, however, is deduced from a column with 
one end fixed as shown in Fig. 1, and the resulting formulation 
applied to a column with pin ends, by considering. the point 
of maximum deflection as the origin, and one end fixed at this 
point. For this condition the length under consideration is 
one-half the total length of the rod. 

In Fig, 1, let AE represent a column fixed at one end, A, 
and with a pin end at E. Under the action of an axial load 
this column will take up a, new position, AF. Considering 
A as the origin, we see that at any point, as CD, we have, 
under the action of the load P, a bending moment equal to 


P(z—y)=M. 


From the relationship of slope and deflection we know 


(1) 
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where I is the moment of inertia of the cross section, which 
is here assumed to be uniform ; E is Young’s modulus, and 
equal to 30,000,000 for iron and steel. 

Rearranging (1) we get 


d’y P P 
(2) oP. yr eone : dat By = nr* 
Solving this differential equation, we obtain 


es P 
: + ae ee y=e+Boosyh #4 Csin |? a” 


in which B and C are integration constants and readily deter- 
mined. 
In Fig. 1 we see that when x = 0, y= 0, and equation 3 


becomes 
o=2+B, 
or B= —2. 


We also see that -when x = o there is no deflection, and 
hence no slope, and 


dy _ 
ax 


By differentiating equation (3) 


2 =F (- B sin Ft Coosa)? 2), 


and substituting = 0, we get 


ee eae o=E (0+ Core=o, 


yo (x—cos x4], 


In Fig. 1 we see that when x = /, y = 2 and, from equation 


(4) a. 
=2—z00s/|¥ 
‘aq Er 
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z cos / aa must therefore be zero, and / \ a must equal = : 


m being any odd number. 
The problem now is to find the least load necessary to bend 


: ; n , 
the column a distance z, that is to say the value of = , which 





; ee ; 7 
will make P a minimum, evidently o 


P az 
and ls] 5 = 3 


mz? KI 
(5) eS ae kee RN OP Sg! 


Now I = #A, where # is the squared radius of gyration of 
the section, and A the area. 
Substituting we get 
. =e & 
(6) =F (‘). 
In the case of a connecting rod we have the case of a column 
with two pin ends, as represented in Fig. 2A, and in this 
case, taking the origin at 0 we will consider each half as a 


column fixed at one end as above, and the length being ¢ 





we get 
CF in RE Sy a = aE (5). 
If both ends were fixed, the length becomes { , and 
eR ere i= 47) (see Fig. 2 B); 
or in general 
Ree ee ke = mrt: (5) 


where m is a constant depending upon end conditions and 
equal to 1 for the connecting rod. 
Let us now examine Euler’s formula by means of a concrete 
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example. We will consider a steel column of fifteen-inch 
length and one-inch diameter. The steel has a tensile strength 


of 90,000 pounds and an elastic limit of 47,000 pounds per 
‘ square inch. Rod has pin ends. 


P = mELS, 


p — 1% 30 X 10° X .oggt at X 2° 
an I5 X15 





= 66,000 pounds. 


F sc OPP 2. 84,000 pounds per square inch 
A .7854 
or nearly twice the elastic limit. 

As mentioned before, this would show that a column ‘could 
be strained past its elastic limit without failure, which is 
manifestly untrue, and this formula will not hold for columns 
of this length. We now will find the limiting length for 
which this column formula might possibly be used. We have 
stated that at no place may the fiber stress exceed the elastic 


limit, so, assuming ~ = 47,000 pounds per square inch, we find 


from 


x= oe 


2 
47,000 = 9.87 X 30 X 10° X (1) ; 


e 
Bx 195: 


Thus wesee that this formula would hold only when the ratio 
of exceeds 80, or about 30 diameters for round sections. A 


plot of this formula, with * and “as ordinates, is given in Fig. 


3. Here again we see that the stress passes the elastic limit 


at about 80, and increases rapidly as the ratio of 7 decreases. 


This would seem to show that short rods would bear an 
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infinite load without failure, which is not true. This can be 
explained by the fact that in short columns the failure by 
direct compression becomes the controlling factor. 


RANKINE’S AND RITTER’S THEORY. 


Rankine, by using a combination of Euler’s formulation 
“for long columns and the formula for failure by direct crush- 
ing, obtained a formula which is extremely satisfactory in 
that the curve passes through the elastic limit and agrees well 
with experimental data for rods of all lengths. 

Calling the ultimate load as obtained by Euler’s boteanig) 
Pe, and the ultimate load for an extremely short column in 
compression, Pe, the crippling load, P, for any column, is 
given by 

fi su I 
(1) Be ha ee ee ae Soe P = P. + Pe . 


This certainly appears rational, for as the ratio of z decreases 


P. increases rapidly, and > becomes negligible, and P = Py. 
e 
Remembering that Pe = (A, we get from equation (1), 











(ajc Se Pimentel 
I Z Sl? 
fA’ EL '+ BER 
Boric os Bee 
1+a(5) 
where 
Ae 
Tg ” i 


Rankine, uses values of “a” determined experimentally 
while Ritter uses the computed value. The usual value of a 





for steel is usually taken to be 7 : A plot of this equation 


is also given in Fig. 3. : 


There are several other formulae’in use giving more or less 


can be 
ure by 


ulation 
-crush- 
tory in 
es well 


rmula, 
mn in 
inn, is 


ntally 
e of a 


1ation 


or less 
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| satisfactory results. Johnson’s Parabolic Formula is probably . 


the’ best of these, and is 
P i\? 
A7* (3) ; 


fe 
100E, 


2 ’ 
where 6 is for pin ends or 


64E for fixed ends. 


This formula is, however, purely empirical. 


From what has been said it is seen that while Rankine’s 
formula is good only when the experimental value of “a” 
has been determined, Ritter’s formula is reliable for all 
materials as soon as the physical tests of the material to be 
used have been run. For example, the physical test gives us: 
at once the value of f the elastic limit, and ¢, the elongation, 


and 
P 


Pe 
é 


The. stress diagrams according to the various formulae are 
shown in, Fig. 4. 
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Euler considers bending alone, which gives a stress distri- 
bution through the section as shown in Fig. 4A. 

Ritter and Rankine, in addition to this stress, consider also 
a direct compression which would give a diagram similar to 
4B. The additive effect is shown in 4C, which is probably 
close to the true stress distribution and 4’” = f + fe". 


a. 
A CAAT 
MTT ITT Te 

ee 
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am ~ Figure 3, 
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RITTER’S FORMULA AS APPLIED TO DESIGN. 


Ritter’s formula in the form given above is not directly 
applicable to design, but becomes so by a very simple opera- 


tion : 
Wes eee 
: + wana) 





x 
Pp’ Eo 


= working load = 





* Constant is 7 (y 
mrE\kl ° 
This constant is usually between 5 and 6 in practice. 


While the equation given above gives extremely satisfactory 
resnits in practice, it is not easily used in this shape for design, 
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due to the fact that A and & are both unknown. However, 


if we can decide upon the shape of the cross section only, the 
formula is directly applicable. 


For example, if we select a round section, solid rod, then 


2 2 2 
Kk =" od et B= AO iS 
4 16 3} 
If now we let ¢c = fey = = and 4 = 16, and substitute 
mE, 4 


in this formula, we get 


Aide 
(;) a¢ 
= a, OF 


I+ cb, 


_ [PP P\A+Vi4 2b 
eu an = Wlape > 
const 2fa 


ere Sa re 





const 


and this becomes for this rod of steel, = 47,000, 





deshotak  e P 
f+ 1.57 P 
const 3 eg 1.57 St 
const’ 


The constants a, 6 and ¢ for any other section are deter- 
mined in a similar manner; for example, if we desire an I- 
beam construction similar to Fig. 5, after deciding on the 
proportion we get 

A = ga’ or aa’; 
a 
ee 
~ 6.66’ 
25ad* 25X9*xX a ip. 
6.66 Soe ee 


_ 225 
eae < 


but A= 5d; 


L=— 
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Let us now compare the following formula, which is largely 


used, 


p= —/4 


acaatsidentin: 
1+ .ooorrl Bp 
to Ritter’s 
ee 
P = Lage ee 
mE, k? 

The first thing to be noticed is that the “/” used in the 
first formula is the allowable stress and empirical, while 
in Ritter’s the stress is that at the elastic limit. A plot 
of the first formula is given in Fig. 3, and while it is not 
known by what method this formula is deduced, the close 
agreement as to shape leads us to suspect that it is adopted 
from Rankine’s formula, with some slight change in the value 
of “a”, and therefore empirical. We can see that while this 
formula is satisfactory for steel it would not be as satisfactory 
with other metals as the more logical deduction of Ritter. 
From the curves it is also seen that the stress as determined 
by Ritter’s formula is greater than that obtained by the 


first formula for ratios of z Steater than 30. 


To show this eee we will make a direct comparison 
in a rod approximating those of a battleship. 

From the specifications for steel we find that the allowable 
stress is 8,000 pounds per square inch, and that the steel used 
for this purpose has a minimum tensile strength of 50,000 
pounds per square inch. 

Taking a hollow rod, 8 inches outside and 4 inches inside 
diameter, 96 inches long, we find, using Ritter’s formula, 


f 


const 





= eel) 


ae 


P 
const Al: 98 
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__ 280,000 50,000 X 96” ); 3 
aoa ( 1X 7m X 30 X 10° X Sf” 
= 9,950 pounds pet square inch ; 

50,000 __ 


constant = 
+ 9,959 


5. 


The first formula gives in the same case 
era Tae ae 
A 1+ .000111 #’ 
__ 280,000 
37 
This is a quite remarkable agreement, but, of course, is not 
as close if we use any but this particular steel. 


f 


: ©) : 
I + .OOOILI 5. = 9,400 lbs. per square inch. 


STRESSES DUE TO CENTRIFUGAL FORCE. 


We have so far considered only those stresses in the rod 
due to a compressive load, and the question next to decide is, 
Have we taken account of all stresses? A short consideration 
of the conditions will show us that we have not. ‘There is 
another force which becomes more and more important as we 
increase the engine speed, and amounts normally to at least 
ten per cent, of the direct compressive stress; and. is additive 
to this stress. 

If we consider the connecting rod in motion, we see at once 
that one end has the characteristics of a rotating part, while 


¢ 
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the end has those of a reciprocating part. All intermediate 
sections have the characteristics of both. 

In Fig. 6, consider the acceleration in the parts when the 
crank is at right angles tothe rod. We see that the accelera- 
tion of A is practically zero. The acceleration due to centri- 
fugal force is in the direction BC. If, then, we lay off BC to 
scale equal to this acceleration and join A and C, we havea 
curve showing the acceleration at each point of the rod. 

The induced force is equal, of course, to the mass times 
the acceleration, z.e., 


_— 


F=m«a. 


Now if w = weight of rod, in pounds per inch length ; 
Z = length, in inches ; 
ry = radius of crank, in feet; 
v = velocity of crank, in feet per second ; 
W = total load on rod, that is, the area of the loading 
diagram ABc, we find the ordinate Be, 


gr2 


We can consider the connecting rod as a beam supported at 
the ends and subjected toa triangular load, Fig. 7. Since the 
B 

















ANALYSIS OF STRESSES IN CONNECTING RODS. 537 


center of gravity of this load is located at a point one-third the 
distance from A to E, the reactions on the supports must be 


w 2w 
R, ’ R, 3 : 
Take any point C, a distance x from E, and by proportion 
the ordinate DC equals 
wu x 
iPEs 


EC 


The load on section EC is DC X “= vee 


. 5 =, and the 


Sf 
& 


center of gravity is at a distance "4 from C. 


Taking moments about C we find that the bending moment 


REy SE St Pe ae Pee ee 


The question now is where is this bending moment a 
maximum ? 
Differentiating (1) with respect to x we get 


(2) . aM=K(? — 32%) dx, equating to zero /? — 3x7 =0, 
or Xx =, ly 3 7 
3 


Substituting this value in equation (1) we get 





_ (fV3_ 34/3\)_ 1 wv? 
(3) ERS « Muax = K( 3 rae 27 “pr 


Mmax 


and fax = , where z is the section modulus. 


Considering the rod used above, with a crank radius of two 
feet and an engine speed of 125 r.p.m., we get 
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w = (50.26 = 12.57) .254 = 9.6 pounds; 

oa “ X 12.57 = 26.2 feet per second ; 
__ AD’? — ad? _ 

2 ee a = 47.2. 


From equation (3) 


er et 
Ma 9.6 o, 26.2 
16“ 32 2 

l= = = Nee. = 1,250 me per square inch. © 
Ritter’s formula gave the stress due to column action of 
9,950 pounds per squate inch, and from the above we have 
an additional stress of 1,250 pounds per square inch due to 
centrifugal action, or a total of 11,200 pounds, thirteen per 


cent. greater than that given by either the Bureau or Ritter’s 
formulas. 


X 96’ = 59,200 pounds. 


As the stress due to centrifugal force varies as the square of 


the velocity, this force becomes important in high-speed marine ’ 
engines. 

From what has been said it is apparent that in investigating 
the stresses in any connecting rod, especially in cases of fail- 
ure, we should base such an analysis upon the physical test 
of the original forging, using Ritter’s formula, and ¢otrecting 
this result for the operating conditions at the time of frac- 
ture, or upon the maximum engine speed. The original 
data should be used in preference to data from a test piece cut 
from a broken or defective rod, due to the fact that a metal 
strained slightly beyond the elastic limit will show a higher 
elastic limit on a subsequent tensile test. 

Finally, it must be remembered that in examining a broken 
rod, the cause of failure,should not be judged from the “ ap- 
pearance of fracture.” ' Recently I. have seen examples of 
broken parts where the break was attributed to crystallization. 
The crystalline structure of a metal does not change under 
stress below the elastic limit. Fatigue 1s possible, but crystallt- 
zation never, Examine for stress first. The metal has prob- 
ably been tested and found satisfactory. 
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THE FUTURE OF SHIP PROPULSION. 


Since the days of the Romans, whose motto was that the three essen- 
tials to ¢ivilization were roads, more roads, and “still some,” the close 
connection between. cheap transport and the amenities and, indeed, the 
necessities, of society has been realized, but much more clearly by the 
engineer and business man than by the public at large. In fact, ignorant 
publicists have been known to aver that the masses of the people have 
derived no benefit whatever from the work of the engineer, which has 
made it possible to transport meat some 8,000 to 12,000 miles, from New 
Zealand or thé Argentine, and enables wheat grown west of Winnipeg to 
find its way into British silos. One hundred and fifty years ago 20 miles 
was not far from the limit, beyond which the cheaper kinds of food could 
hot be profitably conveyed by land, and though sea freights were much 
cheaper. than land carriage, imported goods could not find their way far 
from their port of entry, save at rates prohibitive to all but the more 
costly class of commodities. The contrast with the present day is ex- 
traordinary, and though much, no doubt, yet remains to be done, it is 
most unlikely that ‘any equally striking step forward can be made in the 
years to come All we can look for is a steady step-by-step advance, and 
this applies with :special emphasis to the problem of marine transport. 
In normal times this is extraordinarily cheap, but there is nevertheless a 
sustained endeavor to reduce still further operating costs. A few years 
ago there was a feeling somewhat prevalent that for marine - propulsion 
the future lay with the Diesel engine, but further experience has proved 
that this type of motor is desirable only in somewhat special circum- 
stances. Indeed, some engineers claim that even where oil fuel is avail- 
able, it is now more profitable to use this under boilers than to instal 
Diesel engines even of moderate size. Of course, in the case of very 
large powers, the Diesel engine is admittedly inferior, all things consid- 
ered, to the steam turbine. It is, nevertheless, undoubtedly of interest 
to note that Messrs. Burmeister and Wain are reported to have received 
orders for motor ships which will keep them occupied till the end of 
1921. Included in the list are six ships, of 12,800 tons dead weight, which 
are to have motors of 5,300 horsepower. 

The very high economies realized with the steam turbine in land in- 
stallations have naturally initiated inquiries into how far similar results 
may be obtainable at sea. A few years.ago engineers had by no means 
abandoned the hope of devising an efficient high-speed propeller, thus 
abolishing the clog which the standard type had established on the speed 
of rotation needed to secure an efficient turbine. This anticipation appears 
now to have been abandoned, and, indeed, the recent, elucidation of the 
propeller theory, which has been effected by those interested in aerial 
Navigation, gives reason for belief that the idea is little likely to be 
resuscitated. All hopes are now centered, upon the introduction of some 
kind of reduction gear, mechanical, electrical or hydraulic, between the 
turbine and the propeller shaft. The first named has the advantage of a 
very high efficiency. The electric and the hydraulic systems are less 
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efficient per se, but have some compensating advantages. Moreover, the 
claim is made that they will permit of the use of a more economical 
steam plant than can be adopted with mechanical gears. 

A most instructive comparison of the relative advantages of different 
methods of propelling a 21,000-ton 1934-knot liner is given in a paper 
recently read before the Institution of Engineers and Shipbuilders in 
Scotland by Mr. James Dornan, and a consideration of which we have 
deferred until it had been discussed fully at the Institution. Papers of 
this kind are exceedingly valuable, and necessitate a very large amount 
of labor, of which the outcome is often merely the addition of a few 
rows of figures in the tabulated results. The compact manner in which 
the outcome of toilsome calculations can thus be expressed fails to draw 
due attention to the great care and thought that have been expended in 
the compilation. 

The worth of such a paper is by no means dependent upon the abso- 
lute precision of the assumptions necessarily made in the course of the 
work. It was a politician, concerned, like his kind, for his consistency, who 
formulated:+the view that you should never prophesy unless you know. 
If this motto were adopted by engineers the world would be at a standstill, 
since all improvements necessarily involve some measure of vaticination. 
Certain assumptions have to be made, as to the sufficiency of which only 
experience can decide. In any paper forecasting the future certain risks 
must accordingly be taken, and as no one engineer h&s a universal ex- 
perience, his particular assumptions may not prove acceptable to every 
individual of his audience, each of which has his own special experience. 
Indeed, this circumstance adds to the value of papers such as we are 
considering, as in the discussion each specialist is able to support his own 
claims. 

The two main assumptions made by Mr. Dornan were that tooth pres- 
sures and pitch-line speeds have already réached their limits in large 
marine gears, and that highly superheated steam cannot be used in in- 
stallations in which reversing turbines are employed, and it was on 
these points that the criticism of his paper largely centered. On the 
above hypotheses Mr. Dornan has worked out comparative results. for seven 
different types of propelling machinery suitable for a liner measuring 600 
feet by 72 feet by 27 feet draught, displacing 21,000 tons, and having a 
service speed of 19%4 knots. His results are summarized in the table. 

A noteworthy point is the excellent showing made by the reciprocators 
using superheated steam. These engines are, it will be seen, credited 
with a better performance than the corresponding turbines,. which is 
attributable to the higher superheat used. In this connection it may be - 
observed that had high superheats come into general use for reciprocating 
engines twenty-five to thirty years ago, the task successfully carried 
through by Sir Charles Parsons might well have proved impossible. His 
turbine is essentially a big-unit machine, and his ability to develop it in 
the days of small units was largely due to the relatively high steam con- 
sumption of the reciprocating engines then available. This defect has, 
in the outcome, been to the advantage of the world, as the experimental 
work necessary to the successful development of the Parsons turbine 
could never have been financed if it had had to be ‘carried out on large 
units. 

The high position occupied by the hydraulic gear in Mr. Dornan’s 
table is due, in the first place, to the ratio of reduction being suitable 
for this system, which is well known to be inapplicable for speed ratios 
greater than some 6 to 1, and, secondly, to the high superheat used. 
With a propeller speed of 200 revolutions per minute, it is, moreover, 
credited with the same propeller efficiency as the geared-turbine ma- 
chinery, in which the speed is 160 revolutions per minute. Had this 
figure been increased to that adopted for the hydraulic gear, a smaller 
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or more efficient turbine could have been used. In Mr. Dornan’s view, 
however, an alteration of this kind would have involved dangerous toaqth 
pressures and pitch-line speeds. 

It is on this point that criticism naturally fixed: Experience with high- 
spéed gears is still somewhat limited, and many more breakages must 
occur before engineers can be certain that the limit of safety has been 
reached. With the relatively large pitches used in some of the earlier 
plants, a breakage occurred in one case with a tooth pressure equal to 
about 1,100 pounds per inch width of face. The pitch in this case was 
about 4/5 inch, and it is understood that the teeth were of unsuitable 
form. According to- Mr. J. H. Gibson, the standard pitch for large 
marine gears is now 0.583 inch, and the wheel teeth have very short 
addenda. It is understood that in certain ships now building the gear- 
driven - propeller. shafts .are to transmit nearly twice the power per 
pinion specified by Mr. Dornan. It is to be hoped that full data as to 
these remarkable installations will be available at a later date, so that » 
comparison may be made with the figures brought forward by Mr. J. H. 
Macalpine in his most interesting contribution to the discussion on Mr. 
Dornan’s paper. Mr. Macalpine claims many advantages for the method 
of mounting gears in a floating frame; but these claims have not, so far, 
been admitted by. British engineers, who, in general, are of opinion that, 
with accurately-cut teeth of suitable shape, frames of the type in question 
are superfluous, and the strength of their conviction is well evidenced by 
the remarkable sets of gears just referred to The idea embodied in the 
floating frame is that the pinion shall be located by the teeth of the gear 
rather than by fixed bearings At first sight, however, any self-adjust- 
ment of the frame to compensate for errors in the teeth would appear to 
be impossible, owing to the very high speed of the pitch line and the 
considerable inertia of the pinion and its frame. If the error in question 
were confined toa single tooth, it would seem that this conclusion would 


be indefeasible; but the experiments of Sir Charles Parsons do un- 

doubtedly put rather a different aspect on the matter. He found by 
actual measurement that the errors in well-cut gears were periodic in 
character. This observation much improves the case for the floating 
frame, since such — errors would presumably follow approxi- 


mately a sine law. The frame therefore would not have to adjust itself 
violently and instantaneously, as it would with the error confined to a 
Single tooth or a single region of the wheel, but would gently oscillate 
from a position in which the positive errors in the teeth were a maximum 
to that in which they were a minimum, The change of motion being 
made at these maximum and minimum values would greatly minimize 
the effect of the inertia of the pinion. 

As is well known, Sir Charles Parsons solved the problem by abolishing 
the periodic errors. From Mr. Macalpine’s remarks, it would seem 
that the floating frame has proved an equally effective solution, and the 
figures he gives are of the er interest, and indicate that the weights 
and dimensions assumed by Mr. Dornan as necessary when mechanical 
gearing is introduced may be very materially reduced. Mr. Macalpine 
states that the Westinghouse Machine Company are making gears for 
two foréign warships, each to be fitted with machinery developing 22,000 
horsepower. The guarantees with dry saturated steam at 225 pounds 
per squafe inch are as follow :— 


Consumption per 

shaft horsepower. 
Full power, pounds! 10.8 
80 to 85 per cent, pounds.............ceseeeeee her 10.5 
25 per. cent., pounds 11.5 
15° per cent., pounds 12.8 
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At 15»per ‘cent. of full power, corresponding to about half ‘speed, the 
consumption per shaft horsepower is only 18.5 per cent. greater than at 
full power. He states that for the case taken in. Mr. Dornan’s paper, 
where 5,100 horsepower are to be transmitted per: pinion, the following 
proportions would suffice:—Pinion diameter, 8 inches; wheel diameter, 
148 inches; revolutions per minute of pinion, 2,500; revolutions per minute 
of propeller shaft, 135.1. The length of the pinion would be 4 feet 8 
inches, as compared with the 7 feet:6 inches or 8 feet assumed by: Mr. 
Dornan. Mr. Macalpine further observes that the modifications he sug- 
gests in Mr: Dornan’s figures: would enable the size of the turbines ‘to: be 
reduced, so that the mean: diameter at: the low-pressure end would be 
only 4 feet 7:inches. We are inclined to believe, however, that this change 
would. give ‘a steam way somewhat more restricted than is desirable, 
unless it be intended to use double-flow ‘turbines. For a 28!4-inch vacuum, 
the mean diameter in inches of the last row of blades should not be less 
than about 0.63 V §.H.P., or, say, 64 inches. Of course, there: is no 
absolutely fixed rules in this' matter, since different engineers have dif- 
ferent views as to the loss permissible by “carry over” to the exhaust. 

By taking advantage of the improvements now realized in ‘mechanical 
reduction gears, Mr. Macalpine concludes that the advantages claimed in 
Mr. Dornan’s: paper for the turbo-electric’ drive are transferred’ to ‘its 
rival, which would occupy a’‘letigth 16 feet 4 inchés less than the turbo- 
electric drive, in place of the*21 feet more with which it is credited in 
the paper. The turbo-electric installation described by Mr. Dornan has 
a special interest of its own. It is proposed to use Ljungstrom turbines 
running at 3,000 revolutions per minute, and supplying current to electric 
motors which ‘drive the propeller shafts through mechanical reduction 
gears. One reduction of speed is effected electrically, and the remainder 
by the mechanical gears, the advantage of the system being the large 
reduction ratio practicable without the reduction in power factor which 
would be involved in the use of multipole motors. 

A Ljungstrém turbine capable of developing 5,000 kw. at over-load 
has already been constructed, and undergone its preliminary tests. The 
highest load reached in these was about 2,000 kw., the steam consumption 
at this load ‘being 11 pounds per kw.-hour, with a steam supply at 15 at- 
mospheres absolute, and a superheat of about 280 degrees F. The vacuum 
was extremely high, so that there would probably be no very great im- 
provement in the water rate when the output was doubled.’ According 
to the curves given in the “‘Teknisk Tidskrift” the anticipated consump- 
tion at 5,000 kw. is about 10.8 pounds per kw.-hour: In his paper Mr. 
Dornan has assumed that with turbines at 10,000 horsepower a water 
rate of 7.5 pounds per shaft-horsepower hour will be recorded, and has 
presumed that it will be possible to run the turbine at 3,000 revolutions 
per minute. The limit to the output of a Ljungstrom turbine at a given 
speed appears to depend on ‘the critical velocity of the largest ring of 
blades. The ouptput depends upon the length of this row, which must 
not be so great that its natural periodicity ‘coincides with the rate of 
revolution of the turbine. The linear velocity feasible for this row of 
blades is, of course, fixed by the permissible centrifugal stresses. Accord- 
ing to Mr. Konrad Anderson stresses of 16 tons per square inch are 
admitted in De Laval wheels, and a rough estimate of the size of the 
5,000-kw. unit, illustrated in the “Teknisk Tidskrift,” conveys the im- 
Pression that the centrifugal stresses in this machine are of somewhat 
the same order. 

The advantages of the’ Ljungstrém system are most marked ‘in the case 
of units of what are now-considered moderate outputs. We gather from 

r. Dornan’s reply to the discussion that the 5,000-kw. set above referred 
to has a “coefficient” of 300,000, which is remarkably high for a turbine 
of 5,000 kw, only. Even the great Chicago turbine has a coefficient of 
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but 216,000. High coefficients can no doubt be obtained with axial-flow 
machines of moderate output at the price of introducing velocity-com- 
pounded impulse stages at the high-pressure end, but it is not possible 
to attain in this way the efficiencies realizable with the “straight” reaction 
system. On this head Mr. Macalpine’s criticisms of Mr. Dornan’s paper 
seem beside the point, as it will never be possible to reach with disc 
and drum machines the same limit of efficiency attainable with the straight 
reaction type. When constructed on the axial-flow principle, however, 
any close approach to the theoretical limit is commercially impracticable 
in the case of small machines, but this difficulty is surmounted in the 
Ljungstr6m turbine, with which remarkable results have been secured in 
the S. S. Mjélner with a plant developing but 843.4 shaft horsepower. 

It will be noted that much of the advantage claimed for Mr. Dornan’s 
electrically-geared drive is to be attributable to the high superheat of 260 
degrees, whilst 100 degrees superheat is all that he allows to the geared 
turbine. No doubt there have been difficulties met with in using superheat 
at sea with existing patterns of marine turbine. In fact, at the last meet- 
ing of the Institute of Metals, Admiral Oram observed that they had 
adopted superheat but sparingly in the Navy, and that he personally. should 
prefer to be without it entirely. This view, which is founded on practical 
experience, is the more noteworthy in. that the superheat has in all cases 
been very moderate, and the turbines to which it was applied of a type 
generally presumed to be free from troubles due to differential_expansion 
and the like. On the Myjélner a superheat of 190 degrees F. has, we 
understand, been used and has given no trouble during the many months 
the vessel has been in service. Of course, the Ljungstrém type is par- 
ticularly well adapted to the use of high-temperature steam. It is almost 
perfectly symmetrical, so that it must be nearly free from distortion by 
temperature changes. Moreover, in parts where the temperature is high 
the steam velocity is low, whilst in disc-and-drum machines high tempera- 
tures and high velocities are associated together, which is no doubt 
largely responsible for such trouble as has been found in securing a satis- 
factory metal for the blading. It would, however, be rash to assume that 
these difficulties are insuperable, particularly if it is merely on account 
of the reversing turbine that Mr. Dornan has limited the superheat to 100 
degrees F. in proportioning his geared turbine. In this connection it is 
of interest to note that the builders of the Ljungstrém turbine are them- 
selves experimenting with all-gear drives, thus suppressing the losses 
necessarily associated with the electrical plant Some of this loss might, 
no doubt, be recovered by a greater use of current to drive the auxiliaries 
now commonly actuated by “ steam-eaters,” and in view of the very large 
proportion which the auxiliary steam frequently bears to that entering the 
main propelling machinery, some satisfactory method of economizing 
auxiliary steam is badly desiderated. 

As to the relative advantages of mechanical and electric drives, some 
figures contributed by Mr. Macalpine should be put on record here. He 
stated that very careful comparative estimates of the weights involved 
for a 10,000-horsepower twin-screw ship had been got out by the Westing- 
house Company. 

Machinery weights 

Type of machinery. (exclusive of boilers and 

5 ; auxiliaries). 
Geared turbines, pounds 274,000 
Turbo-electric drive (geared generators), pounds.... 304,000 
Turbo-electric . drive (direct-connected generator), 
TOIGIS 52. csc ces wtacnticnenin hoe ‘ibe awisee Siri » 423,800 


Mr. Macalpine further stated that an estimate made for a gear-driven 
28-knot battleship developing 64,000 horsepower showed that the total 
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weight of turbines, gears, and thrust blocks was but 212 tons, the propeller 
speed being 420 revolutions per minute. It is proposed to use thrust 
blocks of the Michell (Kingsbury) type, of which 22 are now at work in 
America under loads ranging from 350,000 pounds -up to 550,000 pounds, 
in addition to many taking smaller thrusts. In such ships as discussed 
in Mr. Dornan’s paper, the use of these blocks would save, he states, at 
least 8 feet of length—“ Engineering.” 


TRIALS OF GEARED TURBINE PROPELLING MACHINERY 
ON FREIGHT STEAMER PACIFIC. 


VESSEL EQUIPPED WITH CURTIS FIVE-STAGE GEARED TURBINE OF 2,400 HORSE- 
POWER SUPPLIED WITH SUPERHEATED STEAM FROM SCOTCH BOILERS. 


The standardization trials of the steamship Pacific, recently built by 
the Union Iron Works, San Francisco, Cal., for Norwegian owners, were 
held on November 21, 1915, over the measured-mile trial course off Bluff 
point, in San Francisco Bay. This vessel is of special interest at this 
time, as she is one of the first large general cargo steamers of moderate 
speed built in the United States to be equipped with geared-turbine pro- 
pelling machinery. 

The Pacific is 418 feet long over all, 400 feet long between perpendicu- 
- lars, with a molded beam of 56 feet and a molded depth to upper deck of 
32 feet. In light condition, with a draught of 8 feet 3%4 inches, the dis- 
placement is 3,540 tons, and the tons per inch of immersion 41.17. In 
loaded condition, with a draught of 25 feet 4 inches, the displacement is 
12,500 tons, and the tons per inch of immersion 46.16. The main charac- 
teristics of the hull in both the light and loaded conditions are shown 
in the following table: 


Light Loaded 
Block coefficient : 173 
Prismatic coefficient 
Area of midship section 
Coefficient of midship section 
Area of water plane 
Center of buoyancy above base 
Transverse metacenter above base 
Longitudinal metacenter above base 


Propulsion of the vessel is by a Curtis 5-stage geared turbine supplied 
by the General Electric Company, Schenectady, N. Y., and designed to 
develop 2,400 shaft horsepower at 3,500 revolutions of the turbine and 90 
revolutions per minute of the propeller shaft. Steam is supplied at a 
pressure of 210 pounds per square inch by three single-ended, three-fur- 
nace Scotch boilers, 14 feet 9 inches inside diameter and 11 feet long. 
Each boiler has a heating surface of 2,685 square feet, and is fitted with 
superheaters of the Union Iron Works Company’s type. 

The propeller is of the built-up type with a cast-iron hub and four 
composition blades with a diameter of 16 feet 6 inches, a pitch of 14 
feet and an expanded area of 77.04 square feet. 

The following tables give the pump data and a list of the auxiliary 
machinery : 
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Pump Data. 
1 Main air pump a+++++ Vertical, twin beam, 14 ins., 28 ins. 18 


ins. 
1 Circulating pump - U. I. W. Co.’s centrifugal, 14 ins. dia, 
/ 42-in, runner, 
1 Main feed pump De Laval turbine, 37 H. P. 
1 Auxiliary feed pump De Laval turbine, 37 H. P. 
1 Fire and bilge pump Duplex horizontal, 12 ins., 8% ins., 12 
ins. 
1 Ballast pump 12 ins., 10% ins., 12 ins. 
1 Trimming pump 10 ins., 7 ins., 10 ins. 
- 1 Sanitary pump 7% ins., 5 ins., 6 ins. 
1 Fresh-water pump 74 ins., 5 ins., 6 ins. 
1 Evaporator pump 4A, ins., 2% ins., 4 ins. 
1 Engine-room bilge pump > V4, ins., 6 ins, 
2 Fuel-oil pumps 6 ins., 4 ins., 6 ins. 


AUXILIARY MACHINERY. 


1 Sipralatinn iodine engine 10 ins. X 10: ins. 

1 Steam tiller. «Brown type, 74 ins. X 12 ins. 
Ai€apstant isi. Levees ieee Sas 8 ins. X 10:ins. 

ti; Windlass, .2342:06u. Anas dst 10 ins.’ 16: ins: 
Is Woanclies :iis3oes ee RECUR Ten 7 ins. 10 ins.; 1-9 ins. X 12 ins. 
2 Generators .. .........c00ee .G. E. Co.’s 15-horsepower turbine, 10 

; : kilowatt. 

1, Feed-water heater U: I W. Co.’s type. 

1 Evaporator. . vo ccs.....0.b55 12 to 


n. 
1 Ice machine ...2........: ..». Vulcan Iron Works type. 


On the standardization trials of the vessel, which were held on No- 
vember 21, the ship left the builders’ wharf at 9:15 A.M., and after the 
compasses were adjusted, headed for the California’city course at 10:05 
A. The four-hour run was begun at 11 o’clock. Two double runs 
were made over the course, and then the vessel was headed out for a 
short run at.sea. The four-hour run was finished at.3.P..M., and the 
vessel landed at the builders’ wharf at 4:15. The.draught of the ship was 
6 feet forward and 16 feet 1 inch aft, making the mean draught. 11 feet 
Y% inch. The fuel oil consumed per shaft horsepower. per hour, allowing 
10 per cent. for the auxiliaries, figured out at .83-pound. Referring to the 
indicated horsepower and allowing 10 per cent. forthe auxiliaries, the 
fuel-oil consumption was .73 pound per es rsepower-hour. The data taken 
on these trials are shown in Table L 


Tasie I.—STANDARDIZATION TRIALS, S. S. “ PActric.” 


Mean of 2 double 4-Hour 
runs over trial 


measured mile. at sea. 
Speed, knots 13.1 


MRM UE OME 6 os os pots pecs sada oo es ep Pe eee —0.05 
Revolutions per minute 

Horsepower ... ' 

Boiler pressure, pounds per square inch 

Vacuum, inches 

Temperature, superheated stéam, F 

Temperature, saturated steam, F 

Temperature of feed water, F 

Temperature in stack, F 








ee a eee.) 


+ + § 
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On December 13 and 14 the Pacific made a voyage from Seattle to San 
Pedro, and during this voyage the data given in Table II were taken. 


Taste I1—Data TAKEN oN Voyace From Seatrie to SAN PeEpro. 


Dec. 13-14. Dec.14. Dec. 14. Dec. 14. 

Speed, knots 10.88 11.2 10.5 9.8 
Revolutions: per minute 85.9 86. 81. 27, 
Shaft horsepower va eo 2,450 2,450 2,030 1,725 
Boiler pressure, pounds per sq. in. 200 200 200 190 
Vacuum, inches 2934 2914 2914 2914 
Temperature, superheated steam, F. 410 cae cee sas 
Temperature, saturated steam, F, 390 ae ata “elk 
Temperature, feed water, F.... 208 205 205 210 
Temperature in stack, F 590 630 630 630 
Pounds of oil per shaft horse- 

power hour, allowing 10 per : 

cent. for auxiliaries 1 0.97 1.001 1,07 


While.on the, trial trip the Pacific was carrying only 500 tons. load. 
Some. additional data are available, which were taken on a trip. from 
Seattle after the ship had taken on a full cargo of 8,300 tons, the results 
of which are given in Table III. 


Tasie III.—Turee-Hour Furt-Loap Test at SEA. 


Speed, knots 

Revolutions per minute 

Draught of vessel, feet...............22.: Ratha Sh Gtr dec a eat 
Load, tons : 

Steam pressure at turbine, pounds per square inch 

Vacuum, inches 

Horespower, average 

Pounds of oil per brake horsepower-hour 

British thermal -units per brake horsepower-hour 


During the trial run in light condition the reduction gears. were noisy, 
but, with the increased draught on the run in full load condition, the 
operation of the gears, as regards noise, was greatly improved. The 
complete immersion of the propeller insured a steady load on the gears, 
with the result that the noise noticeable in the trial test was gradually 
reduced, so that it was practically unnoticeable anywhere about the ship, 
and was a matter’ of no inconvenience even in the engine room. After 
the trial trip a larger oil cooler was installed, and it is considered probable 
that the increased quantity of oil which is now being sent through the 
gears, due to the use of a larger cooler, has a material effect in giving 
smoothness in the operation.of the gears. 

From the data given. above it will be noted that a speed a 11.5. knots 
was obtained at 87 revolutions per minute of the propeller, which indicated 
that the pitch of, the propeller is slightly high for the speed and horse- 
power of the turbines. This will be remedied in future boats by de- 
creasing the propeller pitch. to such a point that’a speed of 11.5 knots will 
be secured at about 90 revolutions. This should result in a gain in the 
efficiency of the propeller and improve the operation of the ship when 
lightly. loaded. 

The propelling machinery of the Pacific has proved satisfactory in 
every respect, and the captain and chief engineer of the vessel have been 
enthusiastic in.their: praise of the equipment, and consider that the Pacific 
is by far the most economical. vessel of its capacity on the Pacific Coast. 
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Considering the fact that this design of the turbo-gear propelling ma- 
chinery is new throughout and that the machinery was installed in less 
than ten days, and that the ship was put into commission the day after 
she was finished, and left immediately on a voyage of several months’ 
duration around Cape Horn, it will be appreciated that the turbine and 
reduction gears have been given a very severe test. The satisfactory 
results and the economy gained will, therefore, be of much interest to all 
steamship owners and should pave the way for a wider adoption of this 


type of machinery in modern slow-speed vessels.“ International Marine 
Engineering.” 


NEW LUCKENBACH FREIGHT STEAMERS. 


‘TWO SINGLE-SCREW AND TWO TWIN-SCREW VESSELS TO BE PROPELLED BY CURTIS 
GEARED. TURBINES, 


Four large freight steamers are now under construction at the yards 
of the Fore River Shipbuilding Corporation, Quincy, Mass., for the 
Luckenbach Steamship Company ,New York. All four of these ves- 
sels will be driven by high-speed Curtis turbines, driving the propellers 
through speed-reduction gears. Two of the vessels are single screw and 
two twin screw. The single-screw vessels are of 10,000 tons and the twin- 
screw vesels of 10,500 tons deadweight carrying capacity. They are de- 
signed for a speed of 13% knots on a 28-foot draught. The principal 
dimensions of the single-screw vessels are as follows: 


Length overall, feet 


Length between perpendiculars, feet and inches 
Beam, molded, feet 
Depth, molded, feet and inches 


The twin-screw vessels are slightly larger, as shown by the following 
dimensions : 


Length overall, feet 

Length between perpendiculars, feet 
Beam, molded, feet and inches 
Depth, molded, feet and inches 


The vessels are built according to designs by Mr. J. L. Luckenbach, 
vice-president of the Luckenbach Steamship Company, and are classed 
by Lloyd’s and the American Bureau of Shipping. 


PROPELLING MACHINERY OF SINGLE-SCREW VESSELS. 


The propelling machinery of the single-screw vessels is located amid- 
ships and consists of a Curtis turbine, driving a high and low-speed reduc- 
tion gear designed tc deliver 4,000 shaft horsepower at 90 revolutions of 
the propeller shaft. The maximum shaft horsepower will be 4,500, with 
the revolutions of the propeller not exceeding 93. 

The turbine is designed to operate with a steam pressure of 195 pounds 
in the steam chest and against a vacuum of 28 inches. 

The turbine is so arranged that the ahead and reverse turbines are car- 
ried on one shaft and contained in one casing. The astern turbine will 
be capable of delivering to the shaft not less than 50 per cent. of the 
power of the ahead turbine. The revolving element will be so designed 
as to stand an overspeed of 20 per cent. above the full speed. 

The total reduction of speed between the turbine and the propeller 
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shaft will be in two steps, the system employed, being what is known as 
the double-drive type—that is, the pinion will drive two gears, one 
diametrically opposite the other, thereby eliminating pressure on the 
pinion bearings and insuring perfect tooth contact throughout the entire 
guiding surface of the turbine. 

The high-speed pinion will be directly connected to the turbine shaft by 
means of a flexible coupling, so arranged that any actual motion in the 
gears or pinions will not be transmitted to the turbine shaft. Each wheel 
will carry a right-and-left helical gear. 

The low-speed reduction gear will consist of a large gear wheel driven 
by two pinions, each pinion being driven through a flexible connection 
from one of the wheels in the high-speed gear casing.. 

The propeller is 19 feet diameter with the blades set at a pitch of 16 
feet. The pitch, however, is adjustable from 15 feet to 17 feet. The 
propeller hub is made of cast iron fitted to the propeller shaft with a 
taper and key and held by a forged-steel nut. The propeller blades are 
made of manganese bronze. 


PROPELLING MACHINERY OF THE TWIN-SCREW VESSELS. 


In the twin-screw vessels the propelling machinery, located amidships, 
consists of two Curtis turbines driving high and low-speed reduction 
gears, designed to deliver 2,000 shaft horsepower each, at 105 revolutions 
per minute of the propellers. The total maximum shaft horsepower 
developed with the revolutions of the propellers not exceeding 109 per 
minute will be 4,500. 

The principal characteristics of the turbines and reduction gears on the 
twin-screw vessels are the same as those for the single-screw vessels, as 
explained above. The propellers, however, are solid, 14 feet 6 inches 
diameter, made of bronze. 


BOILERS. 


On the single-screw vessels steam is supplied by three Scotch boilers, 
each 16 feet 6 inches inside diameter, and 12 feet 3 inches long over the 
heads, with a heating surface of 3,546 square feet. Each boiler has four 
Morrison corrugated furnaces, 42 inches inside diameter. The boilers 
are designed for a pressure of 195 pounds per square inch and work 
under the heated system of forced draft, for which one Sturtevant mul- 
tivane-blower fan with two engines is located in the engine room. The 
boilers are arranged to burn fuel oil on the Dahl system, the necessary 
pumps, filters, heaters, etc., being arranged in the fireroom. 

On the twin-screw vessels steam will be supplied by four Heine water- 
tube boilers of 15,000 square feet heating surface working under forced 
draft and burning oil on the Dahl system. 


AUXILIARIES. 


The auxiliaries on both the single and twin-screw vessels are identical. 
A main condenser of 5,850 square feet of cooling surface is provided, 
connected to an air pump of the independent wet-and-dry twinplex beam 
type, the necessary cooling water being supplied by a main centrifugal 
pump of 18 inches diameter directly connected to a 10-inch by 9-inch 
single-cylinder vertical engine. 

The necessary pumps, which are of the Blake & Knowles type, the high 
and low feed-water heaters of Griscom-Spencer make, and an auxiliary 
condenser are located conveniently in the engine room. Abaft of the 
reduction gear is the thrust bearing, consisting of ten horseshoes with 
ample wearing surface. The line shafting consists of seven sections with 
the necessary. bearings. 

The electric plant consists of two. 20-kilowatt General Electric genera- 





550 NOTES. 


tor sets, driven by reciprocating engines. There is a 2-ton Brunswick 
refrigerating machine and a Griscom-Spencer evaporating machine of 35 
tons capacity. 

For handling cargo there are 24 derricks, served by 24 single-drum 
winches of the Hyde type. The capstan and windlass on the single- 
screw vessels will be supplied by the American’ Engineering Company, 
while on the twin-screw vessels the capstan and windlass are of the Hyde 
type. The steering gear is of the Brown tiller type: 

The lifeboats are handled under Martin-Freeman davits.—“ International 
Marine Engineering.” 


PERFORMANCE AND DESIGN OF HIGH-VACUUM SURFACE 
CONDENSERS. 


By Gro. H. Grsson, NEw York, MEMBER OF THE Society, AND Paut, A. 
BanceL, NEw York, Junion MEMBER OF THE SOCIETY. 


The coefficient of heat transmission in an experimental condenser filled 
-with pure steam appears: from recent investigations to be a determinate 
quantity. dependent upon steam temperature, water. velocity, diameter of 
tube and mean water temperature and its value is of the order of 500 
to 1,500 B.t.u. per square foot per hour per degree F. difference. In the 
commercial condenser the high rate of transmission undoubtedly existing 
for certain parts of the surface is masked by the large amount of relatively 
idle surface, so that the average coefficient for all the surface figures out 
much lower—sometimes as low as 50 B.t.u, The size and cost of a con- 
denser to maintain a certain vacuum depend primarily on the extent of the 


U= Coefficient of Heat Transmission 


Depression of Hot Well Water Temperature below Vacuum Temperature 
Deg Fahr. os 


Fic. 1—Revation Between Coerricient of Heat TRANSFER AND TEM- 
PERATURE DEPRESSION. 


Presented at thé .Annual, Meeting of The American Society. of Mechanical- Engi- 
neers, New York, December, 1915. 
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zone of active condensation, that is, on. how much: of the ‘surface does 
work and how much is idle. As will be shown, the problem is one. of 
hydrodynamics as well as of heat transmission. 

These variations being commonly attributed to the presence of air and 
to imperfect stream. distribution and penetration, modern high-vacuum 
surface condensers are equipped with large-capacity air pumps and are 
designed with liberal. areas for the flow of steam through the tube bank, 
with the minimum depth of tube bank between inlet and outlet. When 
careful attention is also given to excluding air in leakage, high vacuums 
are successfully maintained: However, a condenser which will give a 
high coefficient. of heat transfer when the test readings are’ taken under 
summer conditions with circulating water at temperatures of 70 to 80 
degrees F., will also give relatively low values in winter with cold water; 
the warmer the water and the lower the vacuum, the smaller the mean 
temperature head required to transmit practically constant amount of 
heat through the surface. * f 
DEPRESSION OF AIR-PUMP SUCTION. TEMPERATURE AS AN INDEX OF SURFACE 

EFFICIENCY. 


Examination of the results of a number of tests on commercial con- 
densers, a vacuum evaporator and a laboratory condenser indicates a 
definite relation between the coefficient of heat transfer and the difference 
between the steam temperature at the condenser inlet and the air tempera- 
ture at the outlet. 

The water velocity, mean water temperature and tube diameter affect 
the rate of transmission from the tube wall to the water, that is, the 
transmission on the water side of the tube, and their individual influences 


have been determined in experimental single-tube condensers, so that 
corrections for these variables can be applied with a reasonable degree of 
certainty. Geo. A. Orrok’s results have been used for the present purpose 
so far as possible. 


Efficiency ~ Per Cent. 


U* Coefficient of Heat Transmission 


Depression of Air-Steam Mixture Temperature below 
“Vacuum. Temperature , Deg.Fahr. 


Fic. 2.—ReELation BETwEEN CorFricrent of Heat TRANSFER AND TEMPERA- 
TURE DEPRESSION. 
36 
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The variables affecting heat transmission on the steam side of the tube 
in an actual condenser are complex and difficult of isolation; yet as an 
observed fact, their influence really dominates performance, since the 
coefficients of heat transfer still vary several hundred per cent. after all 
variables affecting heat transfer on the water side have been allowed for. 

In Fig 1 the coefficient of heat transmission for a number of surface 
condensers is plotted against difference between steam and condensate 
temperatures. Graph a refers to a 24,000-square foot condenser loaded to 
5.9 pounds per square foot; graph b to an 18,000-square foot condenser 
loaded to 7.5 pounds per square foot; graph c to an 18,000-square foot con- 
denser loaded to 4.07 pounds per square foot; graph d to an 18,000 square 
foot condenser loaded to 8.09 pounds per square foot, and graph e to a 
21,000-square foot condenser loaded to 5.95 pounds per square foot. Graphs 
a and d coincide. In graph f, for a 25,000-square foot base condenser, the 
coefficient rises to a value of 850 B.t.u. for a single set of observations, 
Graph g refers to five condensers of different sizes, loads and vacuums, 
two with wet-vacuum pumps and the others with hydraulic air pumps. 
Graph h shows the relation for a vacuum evaporator (in this case the 
actual air-steam mixture was observed, not the condensate). 

Fig. 2 shows similar graphs based on results obtained by Prof: J. A. 
Smith with experimental laboratory apparatus. The four lower curves 
show the relations existing between the coefficient of heat transmission and 
the number of degrees which the temperature of the air-steam mixture 
is below the steam temperature corresponding to the total pressure. Call- 
ing the heat transfer at zero air 100 per cent., all the results for different 
steam temperatures can be combined in a single percentage of efficiency 
curve, as shown by B, Fig. 2. 

The maximum heat transmission, obtained by Smith with pure steam, is 
low as compared with that obtained by Orrok and others. 

Graph B is replotted as the dotted graph j in Fig. 1 by assuming the 
maximum coefficient to be 1,000 at a condensate temperature 3 degrees 
below steam temperature, in order to bring it into the region of the other 
graphs representing commercial condensers. Graph j is then seen to have 
the same trend as the others. 


PerCent Efficiency of Surface 
Temperature of Cooling Water Deg. Fahr. 


Depression of AinSteam Mixture Temperature 
below Vacuum Temperature,Deg Fahr. 


Fic. 3.—EFFICIENCY oF SURFACE VS. 


TEMPERATURE DEPRESSION. Cooling Surface~Sq Ft 


Fic. 4.—R1sE oF WaTER TEMPERATURE 
IN Passinc THRouGH CONDENSER 
Inprcates Active AND INACTIVE 
ZONES. 
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The graph of Fig. 3 was obtained by averaging the results represented 
in graphs a, b, c, d, e, f, g and h, and expressing the heat transmission as 
a percentage of the maximum obtainable under the conditions of rate of 
heat transfer through the tubes and from tubes to water, prevailing in 
the condensers considered. 

The performance of a condenser is usually dominated, to the exclusion 
of other factors, by the extent of the active and inactive zones of con- 
densation. Thus tests show that the coefficient averaged for all the sur- 
face may increase as the water velocity decreases. The explanation is to be 
found in the lower vacuum and smaller specific volume of steam corre- 
sponding to the lower velocity, smaller quantity and higher final tempera- 
ture of circulating water, under which conditions there is greater steam 
penetration and more surface is brought into action. 

Other explanations of the variations in heat-transmission coefficient 
have been founded principally on the variables affecting the water side of 
the tube or on the theory that a constant coefficient would be obtained 
by assuming the total heat transfer to vary as some fractional power of the 
instantaneous temperature difference instead of the first power. 

We may assume for the present that the coefficient of heat transfer for 
a single tube immersed in steam depends on the water velocity (in an 
open tube or manner of agitation in other tubes), size of tube, material 
and cleanliness of tube and mean water temperature, but that all of these 
factors taken together do not explain the wide disparity of results ob- 
tained with actual condensers. We may also assume in the light of 
evidence that the total heat transfer is a function of the first power of the 
temperature difference and not of a fractional power as suggested by Loeb 
and Orrok. 

Measurements of rise in temperature of circulating water in multiple- 
pass condensers have shown that there are two fairly well defined zones 
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Fic. 5—VARIATION OF Proportion oF ACTIVE AND INACTIVE ZONES IN AN 
“ELastic” CONDENSER. 


in a surface condenser; one in which condensation takes place actively, 
the other wherein very little condensation takes place. Fig. 4, from a 
paper by Prof. Josse, shows readings of water temperature and of heat 
absorbed in an actual condenser plotted against surface traversed. About 
40 per cent. of the surface is inactive. ” 


COMBINED EFFECTS OF PRESSURE DROP AND AIR. 


Let us consider a condenser, Fig. 5A, in which steam condensation 
occurs up to line a b and air concentration during the flow over the re- 
mainder of the tube surface; i.c., nearly all the heat is transmitted to the 
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water in, that part of the. surface preceding the line a b. The water 
temperature is assumed constant at Tw. In the first zone the temperature 
drop to 7; is almost entirely due to the pressure drop required to overcome 
the pneumatic resistance offered by the condenser structure to the flow of a 
large volume of steam. From this region on the temperature drop corre- 
sponds to the reduction in partial pressure of the water vapor, the drop in 
total pressure being negligible, due to the fact that the volume flowing in 
this zone of the condenser, where only 1 or 2 per cent. of the steam remains, 
is very small. The partial pressure of the air at exit is represented by 
the difference of the vapor pressures corresponding to the temperatures 
T: and 72, Tz being the final air-pump suction temperature. 

Now assume that the air leakage is reduced, or the air-pump capacity 
increased, so that the air withdrawal occurs at some lower partial air 
pressure represented by the smaller difference 7:—T7,’ (Fig. 5B). A part 
of the zone (2) may then be dispensed with and, as the same initial steam 
temperature 7; is maintained with less surface, the average coefficient of 
heat transfer will figure out higher. 

Again, assume the case in Fig. 5C, wherein the water temperature is 
reduced and a higher vacuum maintained, If all of zone (1) up toa b 
is to. remain active, the pressure drop expressed in head of steam must in- 
crease approximately in proportion to the square of the steam velocity 
and specific volume. Temperature 71”, is therefore closer to the water 
temperature Tw” than before. Furthermore, the difference between this 
temperature 71” and the air-pump suction temperature 72” must increase 
in order to give the same partial air pressure. with a lower total pressure. 
This is explained by Fig. 6. For a constant partial air pressure, which 
means constant air leakage with constant pump displacement, the tem- 
perature difference and the percentage of air richness must both increase 
rapidly as the vacuum increases. .For these two reasons more surface 
will be required in zone (2) of Fig. 5C extending it to c”’—d” and the 
average coefficient of heat transfer will accordingly figure out lower. 
[The coefficient will also be further reduced because the average tempera- 
ture of the steam is now lower through zone (1) on account of the greater 
pressure drop.]} 


Temperature Difference, Deg Fahr. 
%, (Pressure Drop ib.+ Werage Specific Weight) 


Vacuym Referred to 30 In. Bacometer 


FIG. 6.—PERCENTAGE AIR IN MIXTURE 209000 
AND DIFFERENCE OF TEMPERATURES Ww ; ; ie 
CORRESPONDING TO TOTAL PRESSURE 9 ( St84m per br.-Ib-+Ayerage Specific Neigh” 
AND THAT ACTUALLY EXISTING, FOR 
CONSTANT. AIR PRESSURE OF 1/10 IncH. FIG. 7.—RELATION BETWEEN 

PRESSURE DROP AND STEAM 


VELOCITY. 
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Many variables have to be taken into account to’ calculate the actual 
relative depths of these zones in a condenser. Amiong ‘the independent 
variables which would need to be considered may be mentioned water 
velocity, initial water temperature, weight of water, tube diameter and 
cleanliness, arrangement’ of. water passes, steam temperature, amount of 
‘air, air-pump capacity, amount of surface and, perhaps most important 
of all, the arrangement or geometrical configuration of heat transmitting 
surface. However, we find that if the difference between vacuum tem- 
perature and air outlet temperature 7,—7: is increased by increasing 
pressure drop or by increasing the amount of air, there is a dé¢rease ‘in 
the average coefficient of transmission; and conversely if Ts—T7; is 
decreased by decreasing pressure drop or decreasing the amount of air, 
there is an increase in the average coefficient. Empirical results showing 
the same relation have been given in Figs. 1, 2 and 3. 


PRESSURE DROP. 


If the proportion of steam condensed per tube, the depth of penetra-" 
tion and the steam density were all constant, the loss of head through 
the first zone of the condenser would vary as the square of the velocity, 
or according to the well-known relation for inelastic fluids h—=v’*/2g. lf 
the amount of steam condensed per tube and the steam density remained 
constant, but the penetration increased in proportion to the velocity of 
entrance, the pressure drop would vary as the cube of the entrance velocity. 

Pressure drops actually observed usually fall between these limits. By 
dividing both the steam weight flowing and the pressure drop resulting 
. by the mean specific weight of the steam, test readings can be expressed 
in terms of steam velocity and “head” of steam. 

In Fig. 7 are plotted on logarithmic paper the heads and proportional 

velocities obtained in the experiments by Loeb on the Bureau feed-water 
heater. The points agree very closely with a line of slope 2.5; that is, 
the head varies as V*5. The exponent of 2.5 can be explained on the 
basis that at increased loads the steam penetrates farther into the heater ; 
it is like pumping water into a leaky distribution system. This is borne 
out by the quantities plotted in Fig. 8 for three condensers of large size. 
In these tests the increase in steam velocity (weight per hour divided by 
specific weight) is due entirely to increase in vacuum and specific volume, 
the weight flowing actually decreasing .at .the. higher. velocities. 
_ In some cases the increase in steam velocity is accompanied by decrease 
in active zone, and then it would be expected that the head of steam 
would vary as a function of the velocity less than the square. This 
occurs, for example, when the load in decreased, but the vacuum greatly 
increased, as by the use of very cold water. The decrease in load is 
accompanied by greater air leakage and this taken together with the fact 
that the air-steam mixture must be richer at high vacuum, as has been 
shown by Fig. 5, causes an increase in the inactive zone and shortening 
of the active zone. At the same time the velocity of the steam increases 
due to the higher vacuum. ” 

If the depth of the active condensing zone is assumed to remain con- 
stant, however, we can assume that the head lost varies at least as the 
square of the velocity. In estimating performance this is a provisional 
basis of calculation; for, as will now be evident, to calculate the pressure 
drop it is necessary to know the depth of penetration, which in turn de- 
ise on the average heat transfer which is the final result sought by 
calculation. 


CALCULATION OF SURFACE EFFICIENCY. 


Assume that the several characteristics of a surface condenser are 
known for 28.5 in. vacuum, under which conditions the pressure drop 
through the condenser is 1/10 in. of mercury column and the air-pump 
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capacity and air inleakage are such that the partial pressure of the air 
is 0.124 in. of mercury, so that. the depression of the air-pump suction 
temperature is 5 degrees below the steam temperature, corresponding to 
an efficiency, from Fig. 3, of 45 per cent. 

We wish now to know the conditions at 29 in..vacuum. We have seen 
from Fig. 5 that additional cooling surface is required in zone (2) in 
order to reduce terminal pressure, so that the weight of steam at the 
greater. volume corresponding to the higher vacuum can penetrate to the 
same depth in zone (1), wherein, in other words, greater pressure drop 
will occur.. In the actual condenser, the surface remains constant, so that 
there must be a re-adjustment of working conditions, zone (1) becoming 
smaller because of resistance to the flow of the greater steam volume, 
also because more surface is required in zone (2) for air concentration, 
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[We must bear in mind that zone (1) is not only affected by pneumatic 
conditions but by the performance of. zone (2) and of the air pump. 
Thus if we slow down the air pump, zone (1) will be shortened with 
consequent decrease in vacuum. ] 

e can calculate the pressure drop for the assumed elastic condenser 
of Fig. 5, wherein zone (1) always remains the same. . This, in connec- 
tion with the depression due to air pressure, leads to a temperature dif- 
ference Ts;—T; and a corresponding surface efficiency, which we will 
apply to the actual condenser. , 

us the. pressure drop at 28.5 in. of 0.1 in. becomes 0.148 in. for the 
larger volume at 29 in.. vacuum and the total pressure at the air suction 
is (1—0.148)=0.852. 

Modern air pumps, particularly the hydraulic types, running at constant 
speed, remove practically a constant volume of air, that is, have constant 
displacement or equivalent displacement under wide conditions of opera- 
tion. Therefore with constant air inleakage the partial pressure of the 
air in the air-steam mixture withdrawn from the condenser must also be 
a constant, neglecting the slight effect of temperature on air volume. 
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The partial air pressure thus remains equal to 0.124 and the partial 
vapor pressure is 0.852—0.124=0.728 in. This pressure corresponds to 
a steam temperature of 69.5 degrees, which is a depression of 9.5 degrees 
below the vacuum temperature, so that the efficiency of the condensing 
surface is now 36% per cent., according to Fig. 3. 

Similarly the depression for 29.2 in. vacuum is found to be 13.8 degrees 
and the efficiency 32 per cent., and so on for other vacuums, and a graph 
can be plotted as shown in Fig. 9, graph A. 

— B, C and D were obtained similarly, B being for a lower 
partial air pressure, due to less air leakage or a larger capacity pump, 
for the same air conditions as A, but less pressure drop (as with better 
spacing of tubes), and D for both reduced air and less pressure drop. 

Graph B: Reducing the air leakage (or increasing pump capacity) gives 
less temperature depression and hence raises the efficiency particularly 
at moderate vacuums. 

Graph C: Reducing the pressure drop raises the high vacuum end of 
the efficiency curve and also extends it to higher vacuums. The efficiency 
of the surface at 29.4 in. vacuum is 36 per cent. as against 25 per cent. 
in graph A. 

Graph D: Reducing both air leakage and pressure drop results in large 
increase in efficiency as shown by this graph. 


ZONE CONDENSERS. 


We have been considering the conditions on the steam or steam-air 
side of the tubes, and the variations in the relative extension of the active 
zone of the condenser. The performance under any conditions will also 
be affected by the conductivity of the heating surface itself, dependent 
upon its cleanliness and also upon the conductivity from the metal to 
the water within the tube. Fouling or scaling of condenser tubes will 
reduce heat transmission and can be corrected by cleaning only. 


100 Per Cent obtained with no Airand no Pressure less 


Surface, Per Cent 


Efficiency of Steam Side of 
Ss 


o 


Vacuum Referred to 30-in..Barometer 
Fic. 9.—Errect oF AIR AND PrESsuRE Loss oN EFFICIENCY. 


Assuming a clean condenser, the conductivity. from the tube to the 
water becomes the controlling factor in the active zone, and therefore 
by increasing velocity, greater heat transmission and better vacuum can 
be obtained. In the inactive zone, however, any increase in velocity of 
the water is of little benefit. There is only a very small amount of heat 
being transmitted, so that the difference in temperature between the 
metal tube andthe water is very small compared to the difference in 
temperature between the metal wall and the surrounding stagnant steam- 
air mixture. Hence any reduction in the already small temperature dif- 
ference from metal to water gained by increase in water velocity has an 
imperceptible effect on the overall temperature difference between steam- 
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air mixture and water and the corresponding rate of heat transfer, just 
as an increase in the size of the valve placed on the end of a long, small 
diameter pipe line, will not result in any appreciable increase in quantity of 
water discharged. 

Thus whereas it is profitable to increase the water velocity through the 
tubes in the active zone of the condenser, any such increase is of no 
value commensurate with its cost in the inactive zone. A decrease of 
velocity in these tubes is even desirable, because by such decrease the 
power for pumping the circulating water can be decreased, or else for 
the same power a higher velocity of water can be maintained through 
the tubes of the active zone where it will do some good. A large flow 
of water is not required for heat absorption in the inactive zone, as 
relatively little heat is transmitted here. 

The application of this principle is shown by the sketches of Figs. 
10, 11 and 12. In Fig. 10 a condenser is arranged with two passes, one 
containing three-fifths of the surface and the other two-fifths of the 
surface, the former being intended to comprise the active and the latter 
the inactive zone. All of the water is passed through the tubes of the 
active zone at high velocity. A part only of the water passes through the 
tubes of the inactive zone, the rest being short-circuited through the by- 
pass. If the velocity of the water through the inactive-zone tubes were 
one-fifth of that through the active-zone tubes, the head lost would only 
be 1/25 as great, with corresponding saving of power for pumping the 
circulating water. Thus, for the same circulating pump power as ordi- 
narily required with a standard two-pass condenser, more water may be 
pumped and higher water velocity maintained through the active tubes 




















Fic. 11—Two-Pass ConDENSER WITH 
Active aANp Inactive ZonEs, Two 
Pumps. 





Fic. 10.—Two-Pass ConDENSER WITH 
Active AND Inactive ZoNEs. 


of the condenser. Fig. 11 shows how the same conditions are obtained 
using two circulating pumps. 

In Fig. 12 is shown a three-pass condenser in which the velocity in the 
lower .zone is small, in the middle zone fairly high, and in the upper 


zone the maximum. All of the water goes through the upper zone, but 
only part of the total through the other zones. By manipulation of the 
valve ‘the quantity of water going through the zones is varied to take 
care of different conditions of operation in summer and winter, and of 
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Fic. 12.— THree-Pass CONDENSER 
wItH THREE ZONES OF DIFFERENT 
ACTIVITIES. 


load, air leakage, air-pump capacity and vacuum. A three-pass zone con- 
denser may also be built with, say, half the tubes- in the bottom or first 
ass and the other half of the tubes divided between the two upper passes. 
he objection to this design is that the inactive zone is too large (one- 
half the total) and the water velocity still too high. 


CONCLUSIONS. 


The lower average heat-transfer coefficient obtained with cold. circu- 
lating water is due principally to a greater preportion of the surface 
being inactive, which in turn is due to greater pressure drop incidental 
to the flow of a larger volume of steam and to the greater proportion of 
air to vapor existing in the mixture stagnating in the outlet zone of the 
condenser. . 

Better efficiency of surface at high vacuum can be obtained: by pre- 
venting air inleakage, increasing pump capacity and decreasing the pres- 
sure drep or pneumatic resistance of the condenser by proper arrangement 
of steam path and spacing of tubes, these being of great importance at 
very high vacuums. 

The pressure drop through a condenser, expressed in terms of head of 
steam, varies as a function of the velocity of the steam, greater than the 
square if the increase in velocity is accompanied by an increase in average 
heat transmission coefficient and in depth of penetration, or smaller than 
the square if the increase in velocity is accompanied by a decrease in 
average heat transmission coefficient and in depth of penetration. 

In purchasing high-vacuum condensers: comparison should be made 
of the pneumatic resistance of the structures on the basis of velocity of 
flow at each row of tubes and the number of rows in series through which 
steam must flow... Attention should: also be given to possibilities for the 
formation of air pockets out of the line of flow, considering both trans- 
verse and. longitudinal: sections. ; 

The highest coefficients of heat transmission are obtainable in condensers 
of moderate size in which the smaller depth of tube bank lessens the 
pneumatic resistance. ‘ 

he depression of the air-suction temperature below the inlet-vacuum 
temperature is an index of the surface efficiency on the steam side. 
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By analyzing the temperature depression in a given condenser into 
that due to pressure drop and that due to partial air pressure, it is 
possible to determine whether flow conditions ‘or air conditions offer the 
greater possibility for improving efficiency and yacuum. 

By means of accurate electrical resistance thermometers temperatures 
can be taken at a multitude of points on both steam and water sides of 
the surface of a condenser undergoing changes in operating conditions, 
which would enable one to isolate the factors influencing the extent of 
the active and inactive zones. 

A high velocity of circulating water, or the equivalent increase in water- 
film agitation by the use of cores or spirals, is*desirable in the tubes of 
the active zone of a condenser; and this can be obtained, without addi- 
tional power consumption in pumping the circulating water, by reducing the 
velocity of the water through the tubes of the inactive zone. 


APPENDICES. 


In two appendices to the paper are discussed at some length the effects 
of viscosity, velocity and temperature difference on coefficient of heat 
transfer in high vacuum surface condensers.—“ Journal Am. Soc. M. E.” 


THE PRESENT POSITION OF THE MARINE DIESEL ENGINE 
AND ITS. POSSIBILITIES.* 


By ENcINEER-LIEUTENANT-COMMANDER W. P.: SiuLince, R. N. (RetRED), 
MEMBER. 


Present circumstances render it difficult to make a correct survey of 
the strictly present position of the marine Diesel engine, although this 
does not affect to the same extent the degree of accuracy—or inaccuracy— 
of deductions to be drawn, when considering the possibilities of the 
future. With a very few exceptions the processes of evolution_and de- 
velopment of the marine Diesel engine have, unfortunately, been carried 
out entirely on the Continent, and it is there that the largest experience 
has been gained and most progress made, to the detriment of progress 
in this country. One regrets to have to admit this. It is hoped that 
this state of affairs will soon be righted after the conclusion of the war, 
and there is little doubt as to this, for the British have a way of doing 
things thoroughly, although they may be rather late in making a start. 

The marine Diesel engine is essentially an engine of detail. The failure 
of one or more essential details may involve very serious consequences. 
Also incorrect ‘deductions may be drawn from failures of detail. For 
success and real progress there must be the most complete collaboration 
between the designers, the works and the testing departments of any 
one firm of makers, and a frank and frequent interchange of ideas, 
through proper channels, between the various builders and users. Owing 
to the war, communications—particularly technical ones—have been rend- 
ered difficult with neutral, and necessarily impossible with enemy coun- 
tries. Also both ourselves and the enemy have for many months had to 
devote our whole attention to other things than the further development 
of the marine Diesel engine, and owing to the same cause there has been 
indirectly’a retardation of progress in neutral countries. Therefore it 
may be taken, with reasonable accuracy, that the present position closely 
agrees with that of eighteen months ago. 


*Institution of Naval Architects, April 13th, 1916. 
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In considering the “possibilities,” it is essential that full -advantage 
be taken of a fairly accurate knowledge of past experiences and. of 
progress to date, including failures as well as successes. In fact, the 
most valuable engineering knowledge is generally obtained from the 
experience of troubles surmounted than from cases of their complete 
absence. The process of acquiring such valuable experience is generally 
costly. Apart from the.difficulties, the present lull in.the progress of 
development of the marine Diesel engine affords a convenient oppor- 
tunity of reviewing past experiences and :of surveying the present situa- 
tion with a view to obtaining some indication as to the. future. Although 
the subject. of this paper precludes the consideration of the land type 
of Diesel engine, it must be said in justice that the marine. type would 
not have attained its present state of development so soon, had it not 
had the benefit of the results. of years of experience with land types. The 
present paper has been prepared on the above lines, and is intentionally 
made as brief as possible, since it is intended to be more of the nature 
of an “indicator” than a paper of detail. 

The cycle.on which the original Diesel engine of 1892 was intended to 
work was an “ideal” and theoretical cycle, having the highest thermal 
efficiency attainable with the large range of temperature proposed for 
the cycle. Economy was the keynote of the principle. Compression of 
air—air only, not a mixture of air, with gas or vapor—was for the first 
part “isothermal”—due to the injection of cold water into the cylinder— 
and, after the supply of. injection water was cut off, the remaining portion 
of the compression. stroke was “adiabatic’—due to the lagging of the 
uncooled cylinder—with consequent rapid rise in temperature. At about 
dead center, fuel—at first coal dust—was injected into the hot air ‘con- 
tained in’ the cylinder at such a controlled rate that combustion, which 
commenced at. dead center, continued during the period of injection at 
such a rate that the products of combustion expanded “ isothermally.” 
At a-certain point in the stroke the supply of fuel was cut off and the 
gaseous contents of the cylinder expanded adiabatically until at the end 
of the stroke they had expanded to and were exhausted at atmospheric 
temperature and pressure. 

This theoretical cycle’: was very soon found too ideal to be a commer- 
cial proposition, and practical reasons. led at once to a reduction in: the 
ratio of compression, to the abandoning of water injection, to the water 
jacketing of the cylinder, to the admission and. regulation of the supply 
of fuel so as to give combustion at constant pressure, and to the exhaust- 
ing of the products of combustion at a pressure and temperature both 
considerably in excess of atmospheric. The immediate-results were a 
reduction of the maximum. pressure in the cylinder and of stresses. con- 
sequent thereon, a reduction of. range of working compression tempera- 
ture—still much more than sufficient to ignite any of the fuels. used then 
or since—but they involved a large increase of temperature during com- 
bustion, and a considerable falling off of thermal efficiency. There was, 
however, an increased output.of power from a given size of cylinder, or, 
what is the same thing, a reduction of size for a given output.. The use 
of coal dust was abandoned and liquid hydrocarbons adopted instead. 

All Diesel engines of the present time aim at combustion at approxi- 
mately constant pressure, are water jacketed round the power cylinders 
and exhaust at considerable pressure—say, up to 40 pounds per square 
inch by gage—and at comparatively high temperature—say, 500 degrees 
F. and above. In regard to the processes happening in the lower cylinders, 
there has been practically no change during the ast fifteen years. The 


first marine Diesel engines worked on the “ four-stroke” cycle, and there 
are numerically many more marine Diesel engines in. operation working on 
this cycle than on the later “two-stroke” cycle, which only dates from 
1906. This is but a natural outcome of development, and the two. types, 
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viz.: two and four-stroke ¢ycles, will be compared later as we pass points 
in the paper. The earlier marine Diesel engities did not extend the cool- 
ing to the interiors of the piston crowns, being small in power; but, as 
sizes increased, it was found necessary internally to cool the piston with 
air, water or oil—particularly so in two-stroke engines—to water-cool 
the exhaust valves, where fitted, and in some cases their seats. 

As far as it has been possible to ascertain, the total number of Diesel- 
engined motor vessels completed up to the end of December last is about 
seventy, having a total deadweight capacity of about 350,000 tons, and a 
total brake ‘horsepower of about 110,000. These vessels are nearly all 
of the cargo-carrying mercantile type; war vessels and submarines are 
not included. It is also understood that about a further fifty vessels of 
over 300,000 tons deadweight capacity total, and of nearly 100,000 brake 
horsepower total, were on order at the end of*last year, and several 
large vessels of comparatively high power have been ordered during the 
past few weeks. When it is recalled that in 1911 the total number of 
motor vessels completed during that year was but three, of 5,000 tons 
deadweight tapacity total, and 1,200 total brake horsepower, it will be 
seen that progress has been extremely rapid in this type of vessel. 

The engines fitted to these vessels are practically all of the single-acting 
long-stroke slow-running mercantile type, differing ‘but little from the 
land type, except that they are reversible, that they mostly have cross- 
heads, and that little restriction has been placed on weight or space 
occupied. The later motor ships have engines, the powers of which range 
from. about 750 to 3,600 indicated horsepower per shaft, 4. ¢., from 125 
to 600 indicated horsepower per cylinder. The fuel economy is re- 
markably good, the consumption varying’ from .3 pound to .33 pound per 
indicated horsepower per hour, or one-fourth to one-fifth that of good 
reciprocating steam machinery of corresponding size and type. The 
weight of the propelling machinery and selfcontained auxiliaries varies 
from 3 cwt. to 5 cwt. per indicated horsepower. A few of the larger 
engines work on the two-stroke principle, single-acting almost without 
exception and develop up to 2,500 brake horsepower—say, 3,600 indicated 
horsepower—per shaft, or 420 brake horsepower—600 indicated horse- 
power—per cylinder. The fuel consumption for this type is from 5 to 
10 per cent. higher per unit of brake horsepower—due to the work re- 
quired for scavenging—but per unit of indicated horsepower it is prac- 
tically the same as for corresponding four-stroke engines. The weight 
per horsepower is about 25 per cent. to 40 per cent. less than for four-stroke 
engines; the space occupied is considerably less, especially as regards 
height. They are eminently more suitable to the higher powers than the 
four-stroke engine. At least one of the vessels is: fitted with two-stroke 
double-acting engines of about 850 brake horsepower per shaft, or 280 
brake horsepower per cylinder. All the preceding figures relate to slow- 
running engines of the mecantile type. 

Apart from the above, there are at least three large experimental en- 
gines installed for testing on shore, designed for 2,000 to 2,500 brake 
horsepower per cylinder, of slow-running type, and suitable for propul- 
sion; but, although each engine has developed its designed power, the 
troubles experienced in two cases at ‘least have been very great, and it 
is doubtful whether Diesel engines having such large powers per cylin- 
der will ever be remunerative to their makers or sufficiently reliable 
on service to justify their adoption on a large scale either for mercantile 
or naval purposes. Generally, for naval work, engines having a relatively 
high speed of rotation, of light weight, and occupying as little space 
as possible are required; and in many special cases these conditions are 
so vital that failure to comply prohibits their application. It is also de- 
sirable that the engines be made as robust as possible, and that reliability 
and fuel economy shall ‘not be sacrificed unduly. 
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The first high-speed naval-type engine was completed about 1906, and 
since that time its development has been even more rapid than that of 
the slow-running mercantile type of engine previously referred to. The 
maximum. powers per cylinder in high-speed engines at present at work 
are not so great as those of. the: mercantile engines, but the..former. are 
rapidly approaching, and may soon overhaul, the latter. 

One is not. permitted to. state the number of vessels equipped with such 
engines, or to furnish more than the barest information about the engines 
themselves. Suffice to say, that there have been constructed and set to 
work some hundreds of such engines, aggregating over 500,000 brake 
horsepower, the powers per shaft being generally slightly under 1,000 brake 
horsepower and the powers per cylinder varying from 100 to 150 brake 
horsepower. The speeds of rotation vary from 350 to 500 revolutions 
per minute. There are a few instances where the power is as high 
as 1,500 brake horsepower per shaft, the power per cylinder varying from 
125 to 250 brake horsepower. It is also known that in the summer of 
1914 certain engines of submarine type, designed to. develop 2,500 brake 
horsepower per shaft, or over 300 brake horsepower per cylinder, were 
nearing completion, and they are now doubtless on service. Quite re- 
cently an experimental single-cylinder submarine-type engine was tested on 
shore, and developed rather more than 500 brake horsepower at about 
350 revolutions per minute. The reliability was said to be extremely 
good, as determined by a shop test of considerable duration, as was 
also the fuel economy. An eight-cylinder engine made up of: such units 
would therefore give about 4,000 brake horsepower per shaft, which ex- 
ceeds the power per shaft of the largest mercantile engine at present 
built and installed. All these high-speed engines are of the single-acting 
vertical type, and the majority are “ forced-lubricated.” Rather more 
than half of them work on the four-stroke cycle, and the bulk of these 
latter are not reversible. As might be expected, those having the larger 
Benes per cylinder work on the two-stroke cycle, and are directly re- 
versible. 

The weights per brake horsepower of this type of engine are approxi- 
mately as follows:—For engines for continuous work, such as driving 
dynamos, 112 pounds per brake horsepower. For propulsion, 84 pounds 
per brake horsepower for the smaller to 56 pounds in the larger units 
per cylinder. These weights refer to the engines themselves, including 
such accessories as lubrication and citculating pumps, air compressors and 
reservoirs necessary to start and run them. In the small. and medium 
sizes of high-speed engines, say, up to 800 brake horsepower per shaft, 
the saving in weight by the adoption of the two-stroke cycle is not usually 
very great, say, 15 to 20 per cent., but in the larger. sizes the saving rises 
rapidly. The fuel consumption per indicated horsepower per hour is 
generally somewhat higher than for slow-running engines, say, about 5 to 
10 per cent., due principally to higher velocities through valves and ports, 
and more rapidly “functioning,” but this is not necessarily so. There is 
about the same disparity between the fuel consumptions of two and four- 
stroke engines of high-speed type as obtains between these cycles in slow- 
speed engines. Owing to limitations of space, principally of head room, 
this type of page as hitherto been made single-acting only, and no 
crossheads or slipper guides, in the ordinary accepted sense, have been 


fitted, although in certain desigris the walls of the power cyclinder and 
their pistons, have been relieved .of the stresses due to obliquity of the 
connecting rods, by fitting combined scavenging and guide pistons beneath 
them. Naturally the wear and tear is greater in high than in slow-speed 
engines, but this is largely counteracted, at least as far as pears are 


concerned, by the generally efficient systems of forced lubrication a 
in most high-speed Diesel engines. tate 
In order that any Diesel engine shall render reliable service, it is neces- 


opted 
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sary that certain essentials in design, construction, attendance and main- 
tenance shall be strictly complied with. As before stated, the Diesel 
engine is an engine of detail. In designing Diesel engine details the 
particular function which the part is intended to perform must be most 
carefully considered in conjunction with the conditions under which it 
has to operate. 

Essential factors to be taken into account, which do not, of course, 
all apply to every detail, are: 


(a) In Designing. 


(1) Adequate strength and stiffness. 

(2) Suitability of material. 

(3) Accessibility and ease of adjustment. 

(*) Satisfactory arrangements for the dissipation of heat and adequate 
cooling. ' 

(5) Absence of distortion under working conditions, during erection, 
and when replacing after examination or overhaul. 

(6) Sufficient, but not excessive, working clearances. 

(7) The results of experience on service should be rendered available 
for use by the designing staff. 


(b) During Construction. 


(1) The use of suitable materials, particularly in castings subjected to 
heart or / and pressure, and those intended to contain fuel. 

(2) Accuracy in machining and in erection to ensure true form, correct 
fits and clearances, and preservation of alignment. 

(3) Absolute correctness of the timings, openings and periods of all 
valves controlling air or fuel. 


(c) Attendance when Working and Maintenance. 


(1) It is most desirable that the engineers in charge and their princi- 
pal assistants be afforded an opportunity, during construction, of becom- 
ing acquainted with the details of the machinery which they will later 
ras to handle, and with the working of the machinery during trials on 
shore. 

(2) Fully detailed arrangement drawings and carefully drawn-up in- 
structions—both for working and maintenance—are of great assistance 
in ensuring proper management, if followed. 

(3) Tampering with the adjustments, or alteration of the design of 
important details should be discouraged and prevented, at least until an 
expression of expert opinion has been obtained. 

The principal reason for referring to the above points is that owing 
to lack of attention to the points in question, each one of them has in 
some case or other—and sometimes in many cases—caused trouble or 
accident to the machinery when actually on service. 

A few of the details which have given trouble and which need special 
care and attention will now be considered, with a view to facilitating 
the elimination of such troubles and to point the way to further develop- 
ments. , 

(1) One of the principal difficulties has been the selection of proper 
materials for cylinders, pistons and cylinder covers. As usually designed 
these parts must be castings. Many such intricate and costly castings in 
iron have failed owing to stress, irregular expansion or inadequate jacket 
cooling. A case is on record where over a hundred cylinder castings 
were made before four good castings were obtained. This is, of course, 
a very exceptional case. Cast steel has been tried and has failed; “ semi- 
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steel,” 4. e., cast iron containing a percentage of cast or wrought steel, 
is but little better; manganese bronze is being tried in some. cases for 
covers, but its success is very doubtful; and the best material so far is a 
carefully selected grading of cast iron, having a very close grain, a high 
tensile strength, a small coefficient of heat expansion, and at the same 
time sufficiently fluid completely to fill the mold without undue internal 
stressing on solidification. It is doubtful whether the annealing of cast 
iron is of any real benefit. Slow solidification and avoidance of chilling 
seems. preferable, judging by personal experience. The difficulties above 
mentioned increase with increase of size, and any simplification in the 
design would be really helpful. 

(2) Frequent sources of trouble, which generally are discovered be- 
fore an engine leaves its works, are directly traceable to inaccuracies 
of workmanship. Holes and bores which should be circular and parallel 
and made to certain dimensions are not so. Two such holes which in 
the engine are contiguous, and which should be concentric and coaxial, 
are not so. Efforts made to correct these inaccuracies of manufacture 
lead to still worse troubles; valves and spindles are bent, and may seize, 
the valves may remain open when they should be closed, and when in the 
closed position they may leak. This applies particylarly to fuel valves, 
fuel-pump plungers and air-compressor valves. Such cases aggravated 
by faulty alignment have also occurred with disastrous results in the 
main motion parts, #4. ¢., pistons, cylinders, and crosshead-pin bearings. 
Crank shafts have been received for fitting whose pins and journals were 
oval by more than the diametral working clearance permissible, and conical 
at that, whilst the crank pins, instead of being in strict parallel alignment 
with the journals, have not only been inaccurate in two planes, but have 
been so disposed that the deviations in angular spacing have exceeded 
the limits of adjustment permissible on cams and valve gearing. Errors 
of workmanship which may be relatively unimportant under the low 
maximum pressures and temperatures obtaining in steam machinery are 
of the utmost importance in Diesel engine work. 

Passing now to the “ running” conditions— 

(3) The most frequent source of trouble at starting is “loss of air,” 

and the obvious remedy is an efficient means of economizing its use, a 
sufficient supply and adequate auxiliary capacity for replenishment. Any 
economy, either in injection or starting air, is welcome, and skill, care 
and experience in manipulation of the engine are the most important 
methods of securing this economy; particularly as regards starting air. 
Sluggish starting may be due to insufficient compression owing to: (a) 
piston ring leakages, (b) valve leakages, (c) wearing down, of bearings, 
or (d) failure of fuel pumps to “pick up” their fuel. promptly, due to 
air locking, leaky valves or incorrect “setting” as regards. quantities. 
Each of these causes is readily capable of discovery and remedy if the 
proper steps are taken. 
_ (4) If the starting valves are not operating as they should, or if there 
is undue resistance to rotation of the propeller shaft—grounding, or a 
foul hawser, are not unlikely causes—the engine may fail to start, and it 
is necessary to wait until the air supply is replenished before a further 
attempt is possible; with air starting this is inevitable, although “cross- 
connecting,” with adequate reserve storage, will minimize the trouble. 
An invaluable aid is the inter-connecting of the air-injection vessels of 
all the engines in the same compartment, since without injection air a 
Diesel engine cannot be started. 

(5) One of the most serious troubles is that which may. arise from 
the introduction into the working cylinders of fuel before the proper 
time. In such a case the engine ceases. to be a Diesel engine, and pre- 
ignites—mostly .after miss-firing, and therefore with the. chances of a 
multiple charge—in which case combustion, takes place not at constant pres- 
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sure as desired, nor at constant volume as in ordinary types of internal- 
combustion engines, but in a volume which is being reduced during com- 
bustion. This means large increases of pressure, temperatures and stress 
during combustion, which may result in violent’ knocking, overheating 
and stressing of parts, and even in’ disaster. The most frequent cause 
of this trouble is that of stuck-up, sluggish or inoperative fuel valves—due 
either to bad alignment or to seizure in the glands. Improvements in de- 
sign will minimize the risk. 

A further frequent cause of miss-firing is the cooling of the power 
cylinders due to the rapid expansion of high-pressure starting ‘air, the 
admission of which may be frequently repeated in cases of faulty starting, 
and the corresponding admissions of fuel to the cylinder may be over- 
looked, to cause disaster when ignition does occur. Another, but con- 
trollable cause, is the abuse of the process of “priming”—i. ¢., filling the 
fuel-delivery pipes with fuel. So long as adequate precautions are taken, 
the process is safe; but if, owing to a fuel valve being open, or subse- 
quently lifted off its seat, or by-pass valves being left shut up, fuel enters 
the cylinder ‘and is allowed to lie on the piston crown, accident may, 
and probably will, happen due to pre-ignition, as just described. Such 
results may be disastrous in large engines even with relief valves fitted 
to the combustion spaces. 

(6) Air compressors have given, in the early stages of development, 
considerable trouble. The principal causes have been excessive lubrica- 
tion, inadequate cooling during compression and between the stages, 
inefficient ‘drainage and insufficient reliefs. These difficulties have now 
been entirely surmounted, and the latest compressors run for months 
with only moderate attention. In certain makes of engine, compressors 
have been dispensed with for the injection of fuel, but it is an open ques- 
tion whether the advantages balance the disadvantages, especially if air 
is required for reversing the engines. The mechanical pulverization of 
heavy fuel cannot be made so efficient as with air. 

(7) Air-starting valves will occasionally stick, and in such cases either 
starting air is wastefully admitted during the whole of the stroke, and 
is supercompressed in the cylinder, and / or hot products of combustion pass 
from the cylinder into the starting pipe. Means should be provided for 
working the starting valves when the engines are under way, to ensure 
freedom of motion and absence of leakage. 

(8) It may safely be said that after training no abnormal skill is neces- 
sary either to discover the cause of these troubles or to remedy them—it is 
a common-sense process mostly, but one feels that, as previously stated, full 
advantage should be taken of the “results of experience.” It will be 
noted that’ no complaint is made as to reversing. This difficult problem 
has been satisfactorily solved in both four and two-cycle engines. It is 
true that this is more easily affected in the latter case than in the former, 
but efficiently in both. 

We now come to the possibilities of ‘the future, based on previously 
ascertained facts, and here one’ walks, of necessity, on delicate ground. 
Nevertheless, it is hoped that the conclusions drawn will at least be logical, 
and certainly that they will not be exaggerated, for exaggeration is worse 
than misleading. 

There is a limit of size below which Diesel engines cannot be made 
at all, and, further, a limit below which they cannot be made commer- 
cially. A factory was established at Miinich to manufacture Diesel engines 
of 5 horsepower per cylinder on the four-stroke principle, running at 600 
revolutions per minute. The engines were fairly successful, but the un- 
dertaking was not successful financially. Later, in 1911, an experimental 
single-cylinder engine, designed to develop 10° brake horsepower at 1,000 
revolutions per minute, and working on the two-stroke ‘Diesel cycle, was 
constructed’ and tested satisfactorily, but it was not’ a’ commercial suc- 
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cess, since its cost exceeded by far what would-be regarded’ as: a» fair 
market price for an engine of the power. These ‘cases, however, are 
not devoid: of scientific : interest, as\ showing that: Diesel engines can 
be made in very small units and to operate at high speeds, although in 
~ cases they @re not marketable commodities on account’ of high prime 


Before: rdmaliing with other matters it may be of interest to refer to 
two cases’ of ‘engines installed in the same ship, one a four-cycle and 
the other a two-cycle Diesel engine, each running at the same speed— 
500 revolutions per minute—and occupying the same space. It was found 
that 85 brake horsepower was the limit possible with the four-cycle engine 
and 125 brake horsepower that with the’ two-cycle’ engine; the weight 
of the engines in running order was as: nearly equal ‘as possible. ie 
ratio of power for equal: weight and space is therefore about 50 per cent. 
in favor of the two-cycle, which is rather surprising in units so small. 

Turning now to the other extreme—the large units of power—a survey 
of the principles involved, from which deductions are to be drawn, may 
not be amiss. The results of forty years of experience with the recipro- 
cating marine steam engine have shown that piston speeds of from 750 
feet to 1,000 feet per minute are rarely exceeded, and even in the latest 
practice with high-speed reciprocating engines, as were fitted in torpedo- 
boat destroyers, 1,200 feet per minute was regarded as a limit—18-inch 
stroke and 400 revolutions per minute. It is therefore reasonable to 
regard 1,200 feet per minute as the limit to be approached, but not exceeded, 
and 1,000 feet per minute as a reasonable limiting working figure to deal 
with when considering the application of Diesel engines in high: powers 
to purposes of marine propulsion. Already Diesel engines in ships are 
running at piston speeds varying from 750 feet to 1,000 feet per minute, 
and in exceptional cases rather higher—1,100 feet per minute. Regard- 
ing, therefore, 1,000 feet per minute as a standard of comparison, and 
assuming that the mean effective pressure in the cylinders is 100 pounds 
per square inch—which represents an average of current practice—and 
that due to reasons connected with dissipation of heat, the ratio of stroke 
to bore is unity as a minimum, preferably higher—take 1.2 for the sake 
' of comparison—the following may be deduced when investigating or com- 
paring types and designs. Any deviation from the basis figures assumed 
will, of course, make corresponding alterations in the proportions of the 
engine, but will not affect the general question. 

Taking, first, the case of light fast vessels of the destroyer type. Mod- 
ern destroyers are almost invariably propelled by means of high-speed 
turbines, supplied with steam by water-tube boilers of large power per 
unit, and generally “oil-fired.” Speed being the great essential for such 
vessels, lightness and compactness of machinery is vital. Such steam- 
propelling machinery with auxiliaries will weigh from 27 pounds to 35 
pounds per shaft horsepower. If, instead of such machinery, it is desired 
to install Diesel engines the following results : 

(1) They must be reciprocating engines, since the principle of the 
Diesel turbine is practically and theoretically impossible with our present 
knowledge, due principally to the fact that only a negligible portion of 
the products of combustion are condensible, and the great advantage of 
vacuum in turbines cannot therefore be realized! 

(2) They must run at high speed, and head room will practically limit 
the type to single-acting engines. 

(3) Weight limitations will necessitate the adoption of the two-stroke 
cycle in preference to the four-stroke, and it may be necessary to provide 
for mean pressures greater than 100 pounds per square inch. 

(4) There must be some substantial advantages to justify the change. 

Now, the lightest Diesel engines made weigh, without auxiliaries, about 
56 pounds per brake horsepower, and consume, say, 1% pound fuel per 
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brake horsepower, whilst steam turbine installations, complete with aux- 
iliaries, weigh, as said. before, about half as much per shaft horsepower, 
the consumption of oil fuel being rather under 1 pound per. brake horse- 
power. The installations can only be comparable if the weight of ma- 
chinery plus fuel for a given displacement, speed. and radius of action is 
approximately the same in both cases; and, even were that possible, 
the advantage would be with the steam machinery, owing to the more rapid 
lightening of the vessel due to the difference in fuel burnt and a cor- 
responding augmentation in speed. A case has been worked out in some 
detail, and shows that the proposal is impracticable for large torpedo- 
boat destroyers of high power and speed, since no saving in fuel can be 
made to compensate for the extra weight of the machinery in such vessels. 
Only when the power is comparatively small, and/or the weight of fuel 
carried considerably more than at present, is it possible to install Diesel 
engines in torpedo craft to advantage, even if at all. The case of the 
light unarmored cruiser is practically no better than that of destroyers, 
the only possibility being the installation of small Diesel engines for cruis- 
ing whose economy at cruising speeds might justify their installation, 
although they are of necessity deadweight to be uselessly carried about 
at full speed, unless very special arrangements are provided, which would 
be both heavy and costly. 

 eeewene now armored vessels, such as large cruisers and battle- 
ships— 

(1) Large Cruisers—The speed and power of these vessels is necessarily 
high, of the order of 30 knots and 70,000 shaft horsepower. In such large 
reciprocating machinery the speed of rotation must be comparatively low, 
since, if the power per cylinder is to be high, ¢. ¢., not too many cylinders 
fitted, the diameter of each cylinder must be large and the stroke no less 
—preferably more. Hence, low revolutions with limitations imposed by 
the piston speed. The power per cylinder and per shaft is limited by the 
capacity of means for manufacturing, by propeller requirements as re- 
gards efficiency, by conditions of available head room and armor pro- 
tection, apart from the great “Diesel” troubles which will certainly be 
experienced in very large units per cylinder. Alternative cases have been 
worked out in considerable detail.on the basis of equal powers per shaft ° 
for the development of 72,000 brake horsepower on 2, 3, 4, 6 or 8 shafts, 
with 6, 8, 12, 18 or 24 cylinders per shaft, the engines being two-cycle, 
double-acting. A few selected examples are contained in the table, the 
figures being in all cases estimates, based on preceding assumptions and 
present knowledge. 

From this table, and taking it to be fairly accurate, it is apparent that 
the only reasonable solution is to adopt a moderate power per cylinder— 
say, 750 to 1,500 brake horsepower—a considerable number of cylinders 
per shaft and a number of shafts—not less than four, preferably six or 
even eight. Under these latter conditions, Diesel engines for propelling 
battle cruisers are possibilities, though their adoption is likely to be deferred 
for.some years yet, permitting meanwhile a more gradual and therefore 
a less artificial and more sturdy growth from present sizes. 

(2) Battleships—-In these vessels, speed, although desirable, is not so 
vital as in cruisers, and;the power is much less.. A case worked out 
showed that, with an equal number of shafts as for steam machinery, 
equal .powers and speeds with double-acting two-cycle engines. can be 
obtained as with steam, on equal machinery weights, including auxiliaries 
in each case, whilst no increase in displacement is necessary, the fuel 
capacity need not be reduced, but the radius of action, including fuel for 
auxiliaries, can be increased at full speed at least threefold, and at cruising 
speeds at least four times. Such a proposition is possible from an engi- 
neering point of view, ; 





Number of shafts 

Number of cylinders per 
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B.H.P. per shaft 

B.H.P. per cylinder 

Total number of 
inders ... 

Bore of cylinders, inches. 

Stroke, inches .......... ‘ 

Revolutions per minute... 

Maximum load on piston, 
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Diameter of . piston-rod, 
inches... 

Diameter of each cross- 
head pin, inches 

Length of each crosshead 
pin, inches 

External diameter of crank 
shaft, inches 

Internal diameter of crank 
shaft, inches 

Axial length of crank 
webs, inches 

Length of crank pins, 
inches... 

Thickness of cylinders, 
inches... 

Approximate overall 
length of engine, feet.. 

*Working height above 
crank shaft, feet 

*Engine projects 
waterline, feet 

Approximate total weight 
of main propelling ma- 
chinery and its aux-/ 
iliaries, tons 6,000 5,250 5,000 4,750 


*In a special design which is being evolved, these figures may be capable of a 
reduction of about 15 per cent. 


(3) Submarines.—An eminently suitable field for naval Diesel engines 

is the surface propulsion of submarine vessels, and it is to this purpose 
that this engine has been most widely applied. The powers required do 
not exceed those obtainable from reliable engines, the space can be pro- 
vided to accommodate them, and weight is not prohibitive. Hitherto head 
room available has limited the application to the single-acting type, and 
it is extremely doubtful whether double-acting engines can ever be fitted, 
due to the same reason, unless the dimensions of submarines are largely 
increased. 
. Favorable installations can be made of Diesel engines for emergency 
lighting, dynamo and auxiliary machinery driving in large vessels, and 
for the propulsion of tank vessels, fleet auxiliaries and ordinary merchant 
vessels of moderate powers and speeds, but large merchant vessels and 
ocean liners fall more under the general conditions obtaining for battle- 
ships and large cruisers. Each such case, however, has to be considered 
on its merits and known conditions of service, so that it is not well to 
generalize, particularly in mercantile propositions.—“ The Engineer.” 
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AERONAUTICS. 


To review the aeronautical features of the past year without offending 
the Censor and without repeating uselessly what has already been chron- 
icled is a task which, to accomplish satisfactorily and with: acceptance to 
our readers, we feel is beyond our powers. Never before in the history 
of aeronautics has a period of twelve months been passed. through in 
which more has been done both as regards development of design and 
the actual use of aircraft than in the year now closed. The first few 
months of the war taught all the belligerent nations::many lessons re- 
garding the use and construction of aircraft, and during the winter’ months 
when flying was restricted considerably’ by the weather conditions all 
sought to benefit by these lessons. In the spring the result was appar-' 
ent. Each belligerent may be said to have started the war with aero- 
nautical ideas peculiar to itself, but before the anniversary of the declara- 
tion of hostilities had come round a general leveling up has been ’effected. 
Each copied the best in the other’s practice, and all improved on their 
own. 

The Germans pinned their aeronautical faith to Zeppelins, “drachen” 
ballons, and aeroplanes of the Taube pattern. We had our biplanes of 
the B. E. type, and as became a maritime nation; were fast acquiring a 
predominant position in the matter of seaplanes. France had a few 
dirigible balloons and a very large number of aeroplanes of many types. 
Russia had her Sikorski machines—big and little——and was rapidly build- 
ing up an important fleet of aeroplanes of well-known foreign and Brit- 
ish designs. Today we find that Germany has discarded the Taube 
pattern of aeroplane, while France has thrown out a great number of 
monoplanes by reputed designers. The “drachen,” or kite balloon, soon 
proved its great usefulness, and is now as much an adjunct of the Allies’ 
as of the enemies’ armies. Indeed, both France and Great Britain seem 
to have established their superiority in the provision of this class of 
aerial machine. The large Sikorski biplanes have. done good work, and 
have been copied with sundry modifications by all»the other belligerents. 
The day of the twin-engined, twin-screw aeroplane with large span and 
great lifting capacity has already come. The dirigible balloon has under- 
gone a like development. In Germany the Zeppelin and similar craft 
are still regarded with favor, and we know for certain that important 
advances have been made in this branch of aeronautical construction. 
It is a mistake, however, to suppose that the Germans alone have found 
a use for the dirigible balloon, although it is quite true that they, and 
they alone, have seen fit to use them for the destruction of civilian prop- 
erty and non-combatant lives. This country in particular has turned its 
attention to airship construction, and has evolved and put to good use 
certain small handy craft. Of these the S. S. type may be specially 
mentioned. } 

Such is a general outline of the past year’s influence on aeronautics. 
To fill in the details is, however, as we have said, impossible, for the 
information necessary to do so is either completely lacking or cannot be 
made public. All we can do then is to indicate in broad terms the 
various directions along which aircraft design, under the impetus of 
war, is developing. . 

It is now clear that the military use of aeroplanes may be classed under 
four heads, namely, scouting, gun “spotting,” fighting hostile aircraft, 
and bombing selected _— in the enemy’s territory. All these duties 
cannot be performed efficiently by the one type of machine. The scout 
and the gun “spotter” must have a clear view of the ground beneath and 
on all sides of them, and should be provided with signaling means. As 
it is their duty to avoid combats with the enemy’s machines of the third 
class they should essentially have a high speed and the power of maneuver- 
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ing rapidly. The machines employed for fighting hostile aircraft clearly 
require the power of getting off the ground and ascending quickly, and 
should be armed and armored. The bombing machines should possess 
great ‘weight-lifting capacity, but as they would be accompanied in their 
expeditions by protecting machines of the third class they need not be 
armed witha. gun. All four classes must have a wide speed. range in 
order that they may alight slowly and safely on the rough ground of their 
air base, for the bases at the front are. rarely comparable ‘with the aero- 
dromes at-home. ©. gro des 44327 

In the early days of the war.none.of the belligerents had done more 
than begin to contemplate this specialization of types. . Accordingly practi- 
cally the one design in each, case’ had! to do'all duties or leave those which 
it could not perform .severely alone. However..we may criticize the 
aeronautical policy of our Government in.!pre-war days, it must be. set 
down that the type of machine, the B. E. biplane, evolved at Farnborough, 
proved itself better adapted to the actual needs of warfare than those 
favored by. the French or the Germans. France found herself aeronau- 
tically in an unfortunate position. She had numerous trained aviators 
and a large supply of machines. The.latter, however, included a big per- 
centage of various designs, of monoplanes, which, although perfectly. satis~ 
factory in peace, were posséssed.of most serious drawbacks when it came 
to war. 

Monoplanes—let: us take the pre-war: Bleriot type, for. this was one 
of the forms that had to be discarded—suffer from: at. least three: distinct 
military disadvantages. First, their structural. strength is considerably 
less than that of a biplane, which, with its box-girder design of -sup- 
porting surface, is capable of being constructed on quite. strong . lines. 
Secondly, the speed variation possible with a monoplane is small unless 
the doubtfully sound expedient of varying the angle of incidence of the 
wings is adopted. Thirdly, the epilot and his observer, if one is. carried, 
have to sit with their heads above:the plane of the wings and near the 
central line thereof. The view of much of the ground beneath them is 
thus obscured. In spite. of the. fact that for the same engine power a 
monoplanes except those of this: parasol type, our Ally’s aviators were 
told heavily against France’s' aeronautical equipment in the earlier stages 
of the war. The third. objection was particularly strong; for it seriously 
militated against: the: scouting and gun-spotting duties which.then were 
the chief functions of the aeroplane; 

The French aeronautical. authorities. realized the situation;. and asa 
step towards improving .it. decided to discard all. the monoplanes.' of’ the 
ordinary. type then. in.service., For a time they paid considerable attention - 
to monoplanes of the.“\parasol” type, that is to say, machines like ‘biplanes 
with the lower pair of wings cut off. In such craft the pilot and observer 
sit below the. plane of the wings; or in some cases. with their. eyes just in 
line with, this plane,-and so obtain an unobstructed view of: the’ ground 
beneath. .This type of machine had first made its appearance just: before 
war broke out, but it was. commonly regarded as inclined:to lack suf- 
ficient stability owing to the low. center. of gravity which necessarily ac- 
companied the design.. Nevertheless, after the French had excluded all 
monoplanes except those of this parasol type, our Ally’s aviators were 
able to. give avery good account of themselves with the machines at 
this disposal... It is interesting to note that the machine flown by the 
late Flight-Lieutenant Warneford when, : single-handed, he attacked and 
destroyed a Zeppelin oyer®Ghent, was a Morane-Saulnier monoplane of 
the parasol type. - . 

But even this type of monoplane: was soon discarded for active.service, 
partly “because, like all monoplanes, it .was constructionally weak, and 
partly because of its own peculiar aerodynamic: faults; which’ frequently 
resulted in side slips. A decree of the French Director of Military 
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Aeronautics was issued about August, in which it was laid down that 
biplanes alone should in future be used at the front. Thus France, after 
a year of war, came to a decision which in this country was reached in 
1912, a decision from which our practice has since shown scarcely any 
departure. 5 

Germany, from the German’s point of view, found herself in a still 
more unsatisfactory position. When war broke out Germany is said to 
have possessed 700 to 800 monoplanes and 100 biplanes. For two years 
previously the design of her military monoplanes had been standardized 
in the shape of the well-known “*Tauben.” Further, all the later ma- 
chines were of steel construction, and were fitted with a heavy type of 
water-cooled engine. Thus when, like the French, they realized the dis- 
advantages of the monoplane in actual warfare—disadvantages which, 
in their case, were added to by the relative slowness of their heavy ma- 
chines—they found themselves tied up very considerably by their previous 
policy of standardization. The accumulated spare parts, the patterns, 
and the drawings had to be thrown overboard and the construction of 
biplanes undertaken. 

Great Britain started the war with a very excellent type of light fast 
‘biplane, and has had whatever satisfaction there be in seeing, not only 
her Allies, but her enemies hastening to follow her ideas. Nor has it 
been necessary, or perhaps we should say has it been found possible, 
greatly to improve on the original pattern. This pattern has been sup- 
plemented with machines of two other distinct types, but the B.E.-2 c. ma- 
chines of today are not materially different from the B.E.-2 machines of 
August, 1914. 

The first important phase of the war’s influence on aeroplane design 
may therefore be said to have been a scramble to discard monoplanes 
of all types from the flimsiest Bleriot to the heaviest Taube and to adopt 
tractor screw biplanes of a distinctly British type. France, with her 
national characteristics, speedily set matters right, and while the Germans 
were still standarizing their new biplanes, came to the help of this country 
in maintaining that aerial ascendency over the enemy which we established 
in the early days of the war. But when all the belligerents were sup- 
plied: with machines of closely corresponding abilities a new race for 
supremacy set in. All recognized that, in addition to biplanes of the 
B.E.-2 type, at least two other forms were desirable. On the one hand 
there was wanted a small, very fast, easily-controlled type of craft for 
observation purposes. On the other, there was wanted a machine capable 
of lifting large weights and flying long distances for bombardment pur- 
poses. With these two additional types in existence the B.E.-2: type 
would: be ‘set free to fulfil the intermediate function of fighting the 
“enemy's. aircraft: 5. 

Tt has beén repeatedly ‘asserted and implied in.’Parliament and the 
Press that this country has been backward in following. the aeronautical 
developments of the war,’ and has in particular allowed Germany to 
steal a march upon it in this respect. This opinion seems to have been 
based upon the fact that the first appearance of a large twin-engined, 
twin-propeller, double-fuselage German biplane was publicly announced 
towards the end of June in a dispatch from “ Eye-Witness,” in such a 
way as to convey the impression that its advent had taken us by surprise. 
The size and design of the machine were seized upon by certain ignorant 
persons in order to read the Government a “lesson.” Mere size with 
some people is everything. In this case they even overlooked the fact 
that the big German machine was driven off by the British machine, 
presumably a B.E. biplane, and did little more than notice the wonder- 
ful descent made by our aviators with their aeroplane on fire after the 
combat.” The real lesson pointed all against size when it came to an 
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aerial combat, and emphasized once more the excellence of the design 
of aeroplane with which this country started the war. 

The big double-engined machine, with its great weight-lifting capacity, 
was foreseen and trieds some considerable time before the war—for 
instance, in our issue of July 31st, 1914, a dual-engine arrangement for 
use with Salmson motors was illustrated. The war demonstrated its 
military usefulness, and not Germany alone, but all the belligerents, set 
about developing it. That this country has not been grievously behindhand 
is indicated by the view of a dual-engined British-built Caudron biplane 
which we are enabled. to give today in our Supplement. 

Such machines, however, are, as pointed out above, but one of the two 
developments which the war has shown to be desirable. The other is 
the small, fast observation machine for scouting and gun-spotting work. 
In this direction we were from the first very favorably placed, thanks 
to the pre-war initiative of our aeroplane manufacturers. The so-called 
“tabloid” biplane, such as those of the Bristol, Vickers, or Sopwith de- 
signs—see “The Engineer” for March 27th, 1914—was in its origin 
peculiarly British, and it is this type of machine which is now fulfilling 
so successfully the observation duties at the front. Needless to say, 
it has been copied by both our Allies and our enemies. 

The single-seater “tabloid”: biplane is distinguished by its small size, 
its speed and its. large range of speed. A typical British machine of 
this class has a wing span of 22 feet and a wing chord of 4 feet 3 inches. 
These small dimensions and the fact that the machine is.a biplane permit 
of its being designed on very strong lines. Its small size, too, makes it 
very readily handled in the air. For its size it carries a very powerful 
motor, one of 80 horsepower being fitted in the case we have in mind. 
The useful load carried is not great—some 340 pounds or, say, the weight 
of a pilot and fuel and oil for three hours’ continuous flight. Its maxi- 
mum speed is over 95 miles an hour and. its speed range is from this 
figure down to 45 miles an hour. Its climbing speed is very high, being 
1,300 feet per minute. We have reason to believe that certain of these 
figures have recently been improved upon in other British “tabloid” 
— but they are sufficient to indicate the characteristics of the 
class. 

Examining the wings of such a machine we find them given a con- 
siderable. amount of “stagger.” The lower one is set well to the rear 
of the upper one, and this, with the short wing-chord dimension, gives 
the pilot a very clear view of the ground beneath him. The upper plane, 
it will be found, has a much greater anglé of incidence than the lower one. 
This fact, together with the high power of the engine fitted, accounts for 
the wide speed range and good climbing qualities of the machine. Thus, 
‘ when the machine is resting on the ground, the upper wing lies at a 

great angle of attack relatively to the horizontal. Initially, therefore, 
a.great lifting force at a slow speed is developed. To obtain the maxi- 
mum speed’ in flight the pilot raises the tail of the machine so that the 
angle of attack of the upper wing is reduced to’a degree or two, while 
that of the lower wing may be zero or even negative. In’ either’ case 
the lift obtained’ from’ the lower wing is, of course,*still appreciable. 
When speed has to be reduced at landing the pilot drops the tail of the 
machine until the head resistance developed is sufficient. 

It is thus clear that the “tabloid” type of machine is very ‘specially 
fitted to be a scout or gun-spotter, a machine, that is, whose first duty 
is to see the enemy and not to fight the enemy’s machines nor drop bombs 
on his troops or works. 

These three types of aeroplane, the scouting “tabloid,” the fighting bi- 
plane of the B.E-2 type, and the bombarding dual-engined machine, thus 
represent the three points round which the war has caused the aeronautical 
activity of all the belligerents-to crystallize. No doubt other developments 
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are well in hand... Rumor has it, for instance, that-more than one of the 
warring nations is experimenting with:some very:large machines carrying 
more-than two engines and crews: of half .a.dozen.or..so. ;-But. it is not 
yet time to discuss the design or value of such machines—‘ The. Engineer,” 


——— 


DEVELOPMENT OF THE ‘AEROPLANE, 


One of the results of the. European war will be a great increase in the 
size, weight and capacity of the aeroplane and the bringing of it. up to 
the condition where it’ may be seriously considered for. commercial use. 
The Curtiss Aeroplane Co., Buffalo, N. Y.,. which built the America, is 
building hydro-aeroplanes of the “Canada” type, having. a span of 133 
feet, and three planes, each 10 feet wide, and spaced 10 feet apart. It 
weighs, fully equipped, over 21,000 pounds, and is driven by three twin-six 
internal-combustion engines of 320 horsepower each, . There are three 
propellers, two in front and ‘one in the rear, each having a length of 
about 15 feet. In addition, this gigantic air craft will have an auxiliary 
engine of 40 horsepowér, which will be used as a starting engine and for 
driving a screw propeller for propelling the craft when in ‘the water. 
It is six times larger than any yet tried, and has a cruising radius of 
nearly 700 miles at a speed of 75 miles an-hour, The weight of the hull 
is 8,000 pounds and that of the motors 4,000 pounds. It will carry a crew 
of eight men. Albert Santos Dumont, the famous Brazilian aviator, 
predicts that in the course of a very few years, giant aeroplanes will be 
built capable of traveling at the rate of 175 to.250 miles an hour and that 
‘regular. aeroplane service will be established between the United States 
and South America. The time required now for, the trip from New York 
to Buenos Ayres is about twenty days, but with the high-speed aeroplane 
it will require only ‘about two days.— Machinery.” 


“ MOOL-STEEL RESEARCH REPORT. 
By.. Dempster SMITH. 
(Presented to the Manchester Association of Engineers.) 


It will be remembered that.the Manchester Association,.of Engineers, 
in 1914, appointed.a committee to undertake. tests in the Heat Treatment 
of Tool Steel in order .to ascertain. whether, uniformity in: results could 
be: obtained :in. successive trials. carried. out, under, .identical. conditions. 
The report presented by Mr. Dempster Smith. includes. opinions by several 
experts and deals with the results of heat treatment in, various. stages 
of hardening and tempering. 

To assist in attaining the desired uniformity, it was-decided that; at the 
outset, only one grade of tool steel be used.. The tools, selected had a 
nose radius of 4 inch; a cutting angle of 70 degrees in a plane at 45 degrees 
to the length of the tool (this is equivalent.to.a front and side. top.rake of 
14% degrees and a. clearance angle of 6 degrees.. The tools, were 114 
inches square in section, whilst the cut and.traverse were to be three-six- 
teenths,:inch and one-sixteenth inch. respectively, and: the ‘cutting .speed 
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to be such as would give a 20:minutes’ life to the tool when heat-treated 
according to the: steel makers’. instructions. The: heat treatment  recom- 
mended by the maker was to raise the temperature slowly: to about 800 
degrees C. and then’ quickly: to ‘1,275 degrees C. From observations made 
at. the steel works it was found that, starting: from a cold: state, a 114+ 
inch square tool:took about seven: minutes for the first-stage and two 
minutes’ for the second stage: of. the treatment. The latter time was 
deemed ‘sufficient to allow the heat to penetrate to the center of the nose 
and to fuse the extreme cutting edge. As these tools were heated in 
the smith’s | fire, actual: obsérvations of the temperatures could not be 
made. 

A two-stage. high-speed gas-fired furnace was used for heat treating 
the tools. 

Four tools (Nos. 1, 2, 4 and 5) were forged and ‘ground to approved 
shape, were heated for 74 minutes in the low-temperature chamber’ at 
820 degrees C., immediately ‘transferred to the high-temperature chamber 
at 1,275 degrees C. where: they remained for about 134 minutes (just long 
enough to produce a bright ‘glowing strip about 1/16::inch broad along 
the cutting edge). and afterwards quenched! :in a ‘molten: metallic salt 
bath at 250 degrees C:...The temperatures of the furnace chambers were 
observed by means of a Féry radiation pyrometer and that of the salt 
bath by- means of an armored mercury thermometer: 

For:the cutting tests the trials were made on a medium steel bar and with- 
out a lubricant, In all cases the test was continued. until the tool failed; the 
nominal depth of cut being 3/16 deep: by 1/16 inch traverse. The results 
showed a slight improvement on re-hardening tool No. 1, and an improve- 
ment in one case but not. in another for tool No. 5. Tools Nos. 2 and 
4 showed a decided deterioration on regrinding only after failure. This 
result was contrary to expectations, it being: generally understood. that 
the performance of a tool improves after the first failure, 

An idea is held that high-speed’ steel is injured: by. repeated heating to 
a high temperature suchas that required for hardening, and’ for this 
reason some enginéers: prefer to harden turning and similar tools in the 
smith’s hearth, where the heat is concentrated at the nose of the tool. 
The results of these trials showed that two re-heatings do not appreciably 
impair the -cutting quality. of the steel. 

It was then. ‘decided: that tools _Nos..:2 and 4'.should: be: normalized, 
re-ground, -hardened,) and. tested ‘against in: order:to see if the: results ‘first 
obtained: by: these tools: could :be’ equalled’ or: perhaps improved: upon. 
The normalizing (taking about. ten: minutes),:to a dull cherry red (800 
degrees :€,); placing the tool in hot cinders and allowing it to cool. The 
pay preceded . the grinding -and: hardening. processes. . In both 
cases the speed, cut and other.conditions were to be.the same as pre- 
vailed in ‘the first trials with these tools. In neither case did the: results 
equal those obtained by these tools when new, and when the performances 
of tools which had been simply. re-ground and: re-hardened after failure 
were compared with tools: which-had undergone :these processes, in addi- 
tion to being normalized, it could: riot: be found that any benefit had 
accrued from normalizing. — . 

It. was concluded that in the case:-of formed cutters which have been 
unequally strained in machining or in annealing, the normalizing esate 
might tend to eliminate’ these strains;:.or perhaps’-reduce ‘the: risk of 

surface cracks, but it did not seem feasible that this: process: world: have 
any pronounced effect on a lathe tool:-which has: not :been cranked; and 
which has been carefully. forged: and not hammered: after: the ‘temperature 
has fallen below.a cherry red—that is,! about 900 degrees C. 

The following conclusions ‘were drawn from tests made ‘up to this time: 

(a): That with freshly-forged tools,:hardened ‘as stated: and tested under 
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identical conditions, it was possible to obtain results within 5 per cent. 
of the mean or within an extreme difference of 9 per cent. 

(b) That the cutting capacity of a tool which has been tested as stated 
was not appreciably impaired by being re-hardened as often as three 
times, but care must be taken to ensure that the whole of the previously 
injured part is removed in the grinding before re-hardening. In re- 
hardening a hardened tool the time taken for the cutting edge to reach 
oa glowing stage appeared ‘to be slightly greater than that for a soft 
too 


(c) That with such tools, treated as stated, normalizing did not appear 
to have any appreciable effect on the cutting capacity. 

(d) That the subsequent performance of a tool which had been simply 
re-ground (after being hardened and failed, as stated) was not equal to 
the original. 

‘Having regard to the fact that better results are often obtained with 
a tool which has been simply re-ground after failure than was obtained 
in the first instance, and that in no case did this occur in these trials, it 
was decided to obtain the opinion of several steel experts with respect to 
this phenomenon. One authority who does much testing for: the different 
steel makers could find no fault with the method of heat-treating and 
testing, or suggest any alteration. He produced the results of a large 
number of tests of tools, all of which gave better results on being re- 
ground after failure. A second expert said he obtained the best results 
from tools heated in an ordinary smith’s hearth, and the best final tempera- 
ture was, in his opinion, between 1,300 degrees C. and 1,350 degrees C. 
A third authority could find no fault with the procedure or explain why 
the tool on being re-ground should ‘give better results than in the first 
trial. He was of opinion that if results were obtained within 10 per cent. 
of each other the experimenters would do exceedingly well, even with 
tools made from the same ingot. The manner in which the ingot was 
cast, heated, and drawn out, also the subsequent annealing process, 
precluded the possibility. of consistent uniformity in the cutting capa- 
bilities of the tools. Subsequently, he communicated the following: 

(1) It is inadvisable to anneal an ordinary lathe tool after forging and 
rough grinding. So far as the quality of the tool is concerned, and apart 
from any possibility of an inereased number of wasters, it is preferable 
to have an ordinary lathe tool made from an unannealed bar. 

(2) The pre-heating temperature should be jyst short of the calescence 
change point, which in: ordinary high-speed steel is rather below 850 
degrees C. At such a temperature the time of heating is of no importance 
except in so far as the surface of the tool may become decarburized. | If 
the pre-heating temperature is above the calescence change point, ‘then in 
addition to decarburization it’is possible also for the crystalline structure 
to grow larger; but an excess temperature of 20 degrees or 30 degrees C. 
appears to make no observable difference. 

(3) After the pre-heating operation the temperature of the tool should 
be brought quickly to the final hardening-temperature, say 1,250 degrees C. 
The reason the heating must be done quickly is because at these high 
temperatures the crystalline structure grows coarser at a very quick rate, 
and in ‘five minutes or less: many kinds of tools would be entirely spoilt. 

(4) Certain kinds of high-speed steel air-harden intensively, and tools 
of moderate dimensions, or toothed tools made from such steels, had 
better be air-hardened. But there are other steels which require oil- 
hardening in order to get anything like the best results. There are also 
steels which if oil-quenched are soft, but if air-cooled are much harder. 

A fourth authority stated: (1) That he got the best results by heating 
to near the fusing point and cooling in air, but this was only practicable 
on tools that could be easily ground up if the point was injured; this 
method of heating was safe and should result in uniformity as far as 
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the hardening was concerned. (2) As regards re-grinding after failure, 
this obviously depended on the cause of failure. If the tool, as often 
happened, was so hard that the edge “crumbled” instead of cutting, 
re-grinding usually gave better results, but if the tool was not hard enough 
re-grinding was of no use. Meck: 

A fifth correspondent wrote that: (1) The possibility of the nose of 
the tools getting slightly hotter than the other parts, thereby fusing the 
extreme edge, required that extra grinding should be done on such a 
tool. (2) It was a well-known fact that when a salt bath had been in 
use for some time, it became contaminated with particles of iron oxide, 
which floated about and might possibly attack any tools placed in the 
bath. (3) With regard to the advisability of re-hardening after the 
tool had once.lost its cutting edge, it was his experience that this was not 
necessary, aS in a great many instances it was found that a high-speed 
tool cut better and did far more work after the first regrinding. 

The sixth authority consulted was of the opinion that the tools had 
been handled too delicately, and that for good results in subsequent re- 
grindings the tools should ‘be heated until the surface was blistered for 
a distance. of about % inch from the nose. Of all the suggestions this 
seemed the most reasonable, and it was decided to take two new tools 
(Nos. 3 and 6), also two old tools (Nos. 2 and 4), treat.as recommended, 
and test as before. After failure one old (No. 2) and one new tool (No. 
6) were to be re-ground, whilst tools 3 and 4 were to be re-ground and 
re-hardened and all tested again. The tools were heated for ten minutes 
(starting from cold) in the pre-heat chamber at 825 degrees C., and 
from 2% to 2% minutes in the final-heat chamber at 1,275 degrees _C. 
The latter time was required in order to produce the desired degree of 
blistering, and is about half a minute in excess of the time previously 
given to the tools at this stage. The tools so treated on being chipped 
at the cutting edge showed a somewhat coarse structure, the crystals 
ray fully twice the size of those obtained in tools when treated as in 
the first instance. 

The trials after treatment were more irregular and, on the whole, in- 
ferior to the results obtained in the early trials with the old method of 
heat treatment. Considering that consistent uniformity was .the object 
aimed at, the results in this series were disappointing. 

With the object of obtaining. uniform results it was resolved to revert 
to the old limits of heat treating, and to cool the tools in an ordinary air 
blast, instead of the molten salts 250 degrees C., which had been used 
in all the tests up to this stage; ‘but the results of this series showed no 
improvement on the first trials, and proved that uniformity was not to 
be obtained by normalizing, and,‘that however carefully the tools might 
be treated irregularities appeared to be unavoidable. . ; 

The remainder of the report records. the Committee’s experiences in 
watching expert hardeners at work and the results of sundry cutting tests. 

The Committee’s conclusions are as follows: 

(1) Normalizing shows no advantage for turning tools. 

(2) A tool which has only been raised to the hardening temperature 
at the cutting edge will deteriorate on re-grinding, whilst one that has 
been overheated at the cutting edge will improve on re-grinding. 


_ (3) The methods of hardening adopted by experts show great varia- 
tion both as to furnace temperature and duration of treatment, but this 
report will give those interested some definite guidance in both these 
particulars.—“ Page’s Engineering Weekly.” 


\ 
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FLOW. OF STEAM IN PIPES. 
By W. L. DURAND. 


SYNOPSIS.—Method of determining the sizes of steam pipes by the useof 
formulas and by a curved chart by whith; if three of the x! ais variables are 
known, the fourth can be found. 

Generally, boilers, engines and accessories.are chosen with care, but when 
it comes to such items as piping, this is either guessed at or designed on the 
velocity basis, without regard ‘to the factors entering into the flow of steam. 
Yet what is more important’in the design of engineering work than the 
piping? The. commonest method for determining the size of steam pipes is to 
assume a velocity of 6,000 feet per minute for high-pressure pipe and 4,000 
feet for low-pressure pipe. ‘That this method will not give satisfactory re- 
sults, except over ia very limited range, may easily be seen if the drop in 
pressure at these velocities is computed for different sizes of pipe. The ac- 
companying table is based on a:length of pipe of too feet and an initial 
pressure of 100 pounds at 6,000 feet per minute. 


Size of pipe, inches POON} Tp? ow og oe (6-8 10 
Loss of pressure, pounds ...... «16 10° 7.75 2.6 1:7 T.0 0.68 of 


From the foregoing it may. be seen that in small pipes the loss in friction 
is so great as to affect the economy of operation ; on the other hand, in the 
large sizes of steam lines bigger pipes are specified than are necessary. This 
increases the cost of installation to an appreciable extent since the cost of 
pipe and fittings increases rapidly withthe size. 

he factors that enter into any problem of this character are weight or 
uantity of steam, length of pipe, density of the steam, drop in pressure and 
the diameter of the pipe. To obtain accurate results it is necessary to take 
into consideration all of the foregoing factors, and any formula used in this 
connection should contain all of them. 


The most commonly accepted formula for the flow of steam is Unwin’s, 
which is ds follows: fh 


waar : (is a) 


W = Weight of steam flowing in pounds per minute ; 
L = Length of pipe in feet; Sic 

d@= Internal diameter of pipe ; 

D = Density, pounds per cubic foot ; 

= Drop in pressure, pounds per square inch. 


where 


The reason that this formula is not more generally used is presumably 
because of the excessive time required in solving it. Recently the writer 
ublished a table based on dividing Unwin’s formula into three parts. The 
ength of pipe and friction loss may be reduced to one variable ‘‘ friction 
loss per unit length,” such as ‘‘ per hundred feet.”’ 


_ ‘i m 
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This table is reproduced here to show its application ;. 


Steam pres- a ; 
‘ _ _- Diameter, (+2 Dropin 7.5 a|P- 
-inch. pipe,ins, _ @ ~~ pressure, 100 

+ vouupagae 

0.10 

0.15 

0.20 


10 35 
11.10 | 
IT.70 
12,40 
13.10 
13.80 
14.50 
15.20 
» 16.40 
17.50 
18.60 
19.60 
21.40 
23.10 
24.70 
26.20 
“ 27.70 

If the factors corresponding to the variables in any problem are found from 
this table and multiplied together, the number of pounds of steam will be 
directly obtained, 

But even this operation may require more time than many engineers de- 
sire to spend in sizing pipes. The accompanying curves are based on the 
foregoing table and give quickly and accurately the result in any problem 
seating to the flow of steam in pipes if three of the four variables are 

nown. 

These curves are really a slide rule and mechanically add the log of the 
factors in the table. The log of 1) is laid off corresponding to the steam 


pressure, the log of i oo is laid off for the diameter of the pipe, the log 
1+ 9 


of 87.5 \ a is laid off for the drop in pressure, and the log of: the quantity 
of steam is laid off as indicated. This is accomplished by plotting these 
curves on logarithmic paper. 

Starting at the pressure line and moving down to the steam pressure de- 
sired, the length is proportional to the log of the square root of the density, 
and by projecting that to the first 45-degree line, an equal distance at right 
angles is cbtained. Continuing this line to the required pipe size adds the 
log of the pipe factor. Projecting that distance to the bottom of the 45- 
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degree lines representing the drop in pressure, a distance equal to the sum 
of the B agsnnent and diameter is obtained on the vertical le. By movin 
up to the required drop the log of the factor for the pressure drop is add 
and projecting the sum of the logs of the three factors, the answer is read 
directly on the quantity scale in pounds of steam per minute. 

In order to show the use of this chart, take a hypothetical case of a steam 

~ main 800 feet long and 4 inches diameter with steam at 100 pounds pressure. 

What will be the flow of steam if the drop is limited to 4 pounds? The dro 

r 100 feet is } pound. Starting at 100 pounds and running down to the 4- 
inch diagonal line and over to 4 pound, 73 pounds of steam per minute is 
read on the ‘‘ pounds of steam’’ scale. Sup the problem to be the same 
except the pounds of steam given and the drop was to be found. Starting 
at 100 pounds and running down to the 4-inch diagonal line and over to 73 
pounds, 4 pound is found at the intersection. Given any three of the four 
variables, the fourth can be found from this chart.—‘‘ Power.”’ 


THE SPERRY PALLOGRAPH. 
Constructep By THE Sperry Gyroscope ComPANY, Broox.yN, N. Y. 


The only pallograph in America, and, indeed, one of but two or three 
in existence, has lately been completed by the Sperry Gyroscope Com- 
pany, Brooklyn, N. Y., for the use of the United States Navy engineers 
at the Model Basin, Washington, D. C., in connection with their investi- 
gation of vibrations of ships. Briefly, the pallograph is an instrument 
which simultaneously records vertical and horizontal transverse vibrations ; 
and while the instrument is primarily intended for use aboard ships, it 
may be used to trace vibrations or oscillations of any character to their 
primal source. Doubtless the first practical pallograph was the one made 
some years ago by Dr. Schlick, of Hamburg, and it was he who demon- 
strated the wonderful results that may be achieved by means of this 
device in definitely locating the source or cause of vibrations. 

A pallograph consists of six principal parts, namely: 

(a) Apparatus for measuring vertical vibrations. 

(b) Apparatus for measuring horizontal vibrations. 

(c) Mechanism for propelling the recording strip. 

(d) Electrical connection with ship’s tail shafts. 

(e) Clockwork for registering seconds; and 

(f) Marking pens. 

When the pallograph is set up on a vessel where it is moved up and 
down by vertical vibrations, a weight, shown diagrammatically at W, 
in Fig. 1, by reason of its inertia remains at rest, although it appears to 
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move tapidly up and down. When the apparatus: is:in:a state of rest, 
a ‘vertical impulse given to the weight will cause it:to swing up and down 
with oscillations having a certain regular period.. When’ measurements 
of vibrations are to be made, this period must always differ materially 
from the period of the: vibrations which are to be ‘analyzed; otherwise 
the weight would begin’ a synchronous oscillation, and ‘anything like a 
record of vibration would be impossible. The period ‘of the weight ‘is 
quickly’ changed, however, by varying the tension’ of the spring S and 
moving it to or from the point marked P. 

The pendulum used to record horizontal oscillations is diagrammatically 
illustrated in Fig. 2. It will be noted ‘that the swivelled sleeve A jis 


HORIZONTAL 
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adjustable in a restrained vertical direction, and it will be readily under- 
stood how, by raising or lowering this sleeve, the pendulum may be 
lengthened or shortened—every slight adjustment of the sleeve is tre- 
mendously multiplied in its effect near the critical point—on the one hand 
representing a pendulum hung from a height of several hundred feet, and 
on the other almost zero height. Indeed, in the Sperry pallograph it is 
possible to arrange the parts so that the weight acts as if suspended from 
a practcially infinite height, thus creating a pendulum of many: miles in 
length, and the length of this pendulum may be adjuste1 from zero to 
maximum in two or three seconds. 

Records are made on a 5-inch paper strip, which is moved upwardly at 
constant speed by a small motor; the speed of travel may be regulated 
from 1% inches down to ¥% inch per second, ‘as’ required. It will be 
readily understood that. vibrations of high frequency or of considerable 
amplitude should be recorded on a rapidly-moving strip, so that the wavy 
lines of the diagram may be widely separated: for thorough analysis; 
indeed, it is even frequently necessary to enlarge certain sections, so that 
conclusions as to the cause of ‘the vibrations may be determined with abso- 
lute certainty. 

A collar being fitted to each propeller shaft with an ordinary electrical 
connection, each revolution of each shaft is electrically transmitted to its 
respective recording pen. The records shown in the illustration of the 
complete instrument, Fig. 3, reading from left to right, are as follow: 
Vertical vibration, horizontal vibration, tail shaft, tail shaft and seconds. 
The instrument is shown equipped with pens for recording the revolutions 
of only two propeller shafts, but it is understood,;-of course, that pro- 
visions have been made for the attachment of as many pens as there are 
tail shafts in the ship on which the tests are conducted. 

In discussing the analysis of the diagrams produced by the pallograph, 
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Dr. Schlick stated: “It is necessary, in the first place, to exactly determine 
the period within which the ordinates always have the same value. When 
the curve is a regular one the determination of the period is a simple 
matter. If, for instance, the curve C C C in Fig. 4 be given, tangents 








aa and b b are drawn to its successive uppermost and lowermost points, 
so that these are respectively connected with one another. Then-a line cc 
is drawn in a position about midway between a a and b b, as may appear 
suitable, parallel to these, cutting the curve C C C in the points m, n, mn, 
%, M2, 2, &c. The distances apart of the analogous points of intersection 
m atid m:, mi and m2, or n and m: then correspond with the period. uu 
“The curves, however, which occur in the pallographic investigation do 
not show the complete regularity here assumed, at any rate in the case of 
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It will be seen from Fig. 1 that the shaft rests on two white-metal bear- 
ings, between which is the single collar on which the whole of the thrust 
is taken. The Michell blocks, as shown in Fig. 2, extend round a portion 
of the shaft only, the arrangement being thus in some sense equivalent 
to the common horseshoe type of thrust-block collar, and affording the 
same facilities for the examination of the bearing when desired. Each 
Michell block is supported by a screw stud, as best seen in Fig. 1. When 
erected these studs are tightened up until each takes an equal bearing, and 
they are then locked by means of the nuts shown. As will be seen from 
Fig. 2, the housing is carried well up above the center line of the shaft, 
which makes it possible to get in a couple of blocks above this level, so 
that the “ horseshoe” extends round more than half the total circumference. 

To prevent: the blocks twisting round their points of support they are 
enclosed in a cage, as indicated in Fig. 2, from which, moreover, it will 


FIG. 5. 


be seen that the cage is itself made in halves. The upper half can, with 
the two blocks it confines, be lifted out bodily when the set-bolts taking 
the thrust are run back, and the lower half can then be pushed round and 
taken out in its turn. The two cages can be seen amongst the other com- 
ponents in Fig. 6, where one is shown with the blocks in place, and the 
other with them omitted. With the engine running ‘ahead, the thrust is 
taken by the blocks on the forward side of the thrust collar, a second set 
on the after side taking the thrust when the engine is running astern. An 
oil well is formed at the bottom of the housing, and the collar, dipping 
into this oil, picks it up and distributes it over the whole of the surfaces 
to be lubricated. A stuffing box at the outer end of each bearing prevents 
loss of oil by leakage, while the top of the housing is closed by an oiltight 
cover, as indicated, 
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The thrust block in question has been built for a shaft making about 
400. revolutions’ per: minute; and to carry off the heat generated in conse- 
quence of this high speed, cooling coils, throught which. water is pumped, 
are arranged in the oil well, as indicated. 

The shaft has a diameter of 744 inches, and the:collar: one of 15 inches, 
whilst the area of one set of blocks is 50 square inches. 

A four-hours’ test of the bearing was made by Messrs; Broom and Wade 
at speeds and loads considerably. in excess of those which it is intended to 
take in service. The method adopted was to mount two blocks in align- 
ment with each other, and to. push the two together by hydraulic jacks, 
The arrangement is shown diagrammatically in Fig. 4.. The shaft was 
driven by belting from an electric motor, which, running light, took 2 
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ampéres of current. Coupled up to the shaft, but with no thrust on the 
blocks, the current consumed was 8 ampéres, The observations made are 
recorded in the table annexed. 

The temperature of the collar at the end of the test was 112 degrees F. 
The cooling water was circulated at the rate of 6.5 pounds per minute. 
At the outset the bearing pressure was 300 pounds per square inch, which 
was increased to 400 pounds per square inch after 214 hours’ run. 

From the power absorbed by the motor at 400 revolutions per minute 
the coefficient of friction can be calculated and a value of 0.0015 is obtained, 
whilst from the temperature rise of the cooling water the value 0.0012 1s 
deduced. The total friction loss on the two bearings as this measured 
amounted to 214 B.t.u. per minute. Making allowance for some loss of 
heat by radiation, the two estimates are, it will be seen, in excellent agree- 
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ment. The ordinary type of thrust-block has a coefficient of friction fully 
twenty-five times as great. 


Four Hours’ Test oF CENTER No. 4 MICHELL, THRUST BEARING, 
CARRIED OvuT BY MEssRS. BROOM AND WADE, LIMITED, 
HIGH WYCOMBE, ON AUGUST I9,. I9I5. 





Water tem- | Journal bearing 
perature, temperature, 
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We may perhaps add that with such speeds as are usual in the ordinary ° 
merchant service cooling of the oil would have been unnecessary, as 
radiation and convection suffice to keep-the bearing cool, provided that the 
heat generated does not exceed about 50 B:t.u. per minute in a bearing of 
this size. In the present case each bearing generated heat at the rate of 
about 107 B.t.u. per minute,—“ Engineering.” : 


‘MANUFACTURING SEAMLESS STEEL TUBES. 
By J. J. Dunn (Suetpy Stee, Tuse Company, PirrspurGH, Pa.). 
Read before the Canadian Railway Club, Montreal. 


As it seems probable that the cost of seamless tubes will gradually 
approach the cost of welded tubes, and each improvement made will open 
up a wider field for their use, it will doubtless be of general interest to 
describe the various processes employed for making seamless tubes of 
steel. It is as important to understand the advantages and limitations of 
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the seamless tube as it is of any other engineering material, for indis- 
criminate use of this material tends to discourage its use in those places 
where by its character it is fitted to give economical service. The ad- 
vantages of the seamless tube are almost self-evident, but its limitations 
are most surely comprehended only when the manfacturing methods em- 
ployed in its making are clearly understood. 

Seamless tubes are made today by two general processes: the piercing 
process ‘and the cupping process. As the piercing process is used for by 
far the larger portion of seamless products it will be first described. The 
cupping process will be but briefly referred to. 

here are two general methods of piercing, first rotary piercing, and 
second, punching. The punching method is used for special classes of 
work, but it is the rotary piercing process that produces the larger ton- 
nage and is the most widely used. The possibility of rotary piercing was 
discovered by Mannesman, who devised practically all of the many com- 
binations of rolls that have been successfully used. There is, however, 
one notable: exception which is the arrangement proposed and used by 
R. C. Stiefel. 


ROTARY PIERCING. 


The essential features of a machine for rotary piercing are revolving 
surfaces so arranged that their contact with the cylindrical piece of metal 
which is to be pierced will impart to it a simultaneous motion of rotation 
and translation; and a mandrel for controlling the flow of the metal. To 
accomplish this it is sufficient that the axes of the rolls and of the cylinder 
of metal be neither parallel nor intersecting lines. Practically the depar- 
ture from the condition of parallel or intersecting axes must be wide 
enough to overcome the frictional resistance to motion in translation and 
not so wide as to prevent rotation. 





FIG, I. FIG. 2. 


Fig. 1 shows in elevation and plan, cylindrical rolls which will impart 
the desired motion to a cylindrical blank between the rolls and in contact 
with them. Fig. 2 is an elevation and plan of sections of the rolls by 
planes at right angles to the axes of the rolls and makes clear how the 
rolls impart the two motions to the blank between them. These rolls are 
not a suitable arrangement for piercing as they can have only a small area 
of contact with the blank. 

Fig. 3 shows a practicable arrangement. In this figure the solid blank B_ 
is shown between the rolls and partly pierced. The piercing mandrel C is 
in its working position supported by a bar D. The rolls A are truncated 
cones so proportioned as to properly distribute the work of reducing the 
metal of the solid blank as it passes over the piercing mandrel and is 
formed into a tubular section. 











FIG. 3. 


ROLL OPERATION. 


In operation the rolls are adjusted to the proper distance apart and the 
mandrel is placed in position. The rolls being in motion, the heated blank 
is pushed into the entrance angle and, coming in contact with the rolls, 
takes motion from them of rotation and longitudinal travel. The first 
work of the rolls is to reduce the diameter of the blank, giving it a conical 
form and increasing its contact with the rolls as it encounters the piercing 
mandrel. Then the reduction of cross-sectional area of the blank takes 
place very rapidly as it passes over the mandrel. The diverging angle of 
the exit side of the rolls permits equalizing the work along the length of 
the mandrel and also gives room for the expansion in diameter that is an 
effect of the rolling contact. Further it permits of such a relation’ of the 
surfaces of the rolls and the mandrel as to produce a comparatively smooth 
pierced billet. : 


It must be evident that the angles of entrance and exit passes of the 
rolls; the diameter and angles of the mandrel; the relation of the position 
of the mandrel to the roll passes; the diameter of the blank; and the dis- 
tance between the rolls influence profoundly the size and character of the 
tube produced. Besides these factors, the heat of the metal being worked; 
the speed of the rolls; the relative rate of longitudinal travel to rotation, 
all have a decided effect. Indeed, it is only within the last ten years that 
the relations of these various factors were well enough understood to 
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permit of producing a given size tube without a trial and error adjustment 
of the machine. 


The divergence from the desired result occurred in the diameter and wall 
thickness of the hollow billet produced; in the concentricity of the bore 
and in unnecessary working of the metal. In the efforts made to minimize 
these variations many designs of piercing machines were worked out and 
not a few of them were actually constructed. 


Figures 4 and 5 show variations made from the type of roll shown in 
Figure 3, by changing the angles of the roll axes. All sorts of angles were 
tried, from axes in planes parallel to the axes of the blank to axes in 
planes at angles of 85 degrees to that axis. Also with all these variations 
was combined a travel of the billet in the reverse direction to that shown 
in the figures together with a wide range of entrance and exit angles, as 
well as variations in the shape of the piercing mandrel. Practically all 
these various arrangements will pierce a solid blank; and with each type 
of machine there is a combination of roll or disc diameter, entrance and 
exit angles, mandrel angles.and feed which will produce good work on at 
least a limited range of sizes. 


MINIMUM DISPLACEMENT OF METAL REQUIREMENT. 


One of the most important requirements in a piercing machine is that 
the tube be formed with'a minimum displacement of metal. “Looking again 
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at Figs. 3, 4 and 5, it is evident that the rolls'tend'to impart different speeds 
of- rotation to the blank at different points of contact along the axis of 
the blank. This results in a twisting of the tubes as the piercing proceeds, 
so that a line on the surface of the solid blank, parallel to its axis, becomes 
a helix on the surface of the tube. One.of the earlier patents claimed 
this feature as an advantage on the assumption that a tube is usually sub- 
jected to a greater stress circumferentially than longitudinally, but prac- 
tically it has been: found that this unnecessary displacement of material 
tended to rupture the metal in the piercing operation should there exist any 
defect in the solid blank. 

R. C. Stiefel designed and patented a type of piercing machine which 
reduced this twisting of the metal in regular practice to such an extent that 
the helix was right or left hand depending upon the setting of the discs 
and mandrel position. Mr. Stiefel’s arrangement is shown in Fig. 6. 
From the figure it is seen that at any cross section of the blank the sum 
of the radii of the circles of the discs that impart rotation to the blank is 
exactly equal to the sum of the radii at any other section; hence, except 
as the motion is modified by the action of the piercing mandrel, the blank, 
solid or pierced, is revolving at a-uniform rate’at every section. 

It will be noticed that there is a very considerable slip between the billet 
and the discs, varying from zero at a point midway between the disc axes 
to a maximum at the points where contact between discs and blank ceases. 
This slip has no very important influence on the work.” However, it causes 
a waste of power, a disadvantage that is more than offset by the other 
good features of the design. 

These points of the rotary-piercing operation have been dwelt on at 
some length, as it is this operation alone that is peculiar to the making of 
seamless tubes, and an understanding of the numerous factors that .modify 
the results is necessary to an understanding of succeeding operations and 
to resulting variations in the finished product. 


THE ERHARDT PUNCHING PROCESS. 


For certain classes of work a process of piercing is used that consists of 
simply punching the hole in the solid blank. This method is generally 
kriown as the Erhardt process. A heated blank, preferably square in sec- 
tion, is placed in a die somewhat longer than the blank end of a diameter 
corresponding to the desired diameter of the blank after piercing. Thus 
confined to prevent lateral flow of the metal, a punch of desired size is 
forced into the blank, displacing it laterally to the limit of the die, after 
which the metal flows along the punch as ‘it penetrates to the bottom of 
the blank. Usually this method is confined to the production of tubes with 
otie end closed and integral with the tube. It is economical only for the 
larger diameters and comparatively short lengths. 


CUPPING PROCESS. 


A third method of making seamless tubes is that called the cupping pro- 
cess. In this method the raw material is in the form of a plate! The first 
Operation is to’ trim the plate to a circle by which at the very beginning a 
loss in scrap of 25 per cent. occurs, After trimming, the plate while hot 
it is pushed through a circular die and formed into a cup approximately 
hemispherical in Section. Successive passes ee dies of decreasing 


diameter elongates the cup into a tube with one end closed. The economical 
application of the cupping process is for tubes of large diameters and 
heavy wall. Their only limit seems to be the size of the presses required 
for the work. Tubes of 24 inches in diameter or even larger, weighing 
6,000 pounds each, can be produced on existing equipment: 

_The blank after piercing varies so greatly in dimensions of both the 
diameter and wall thickness that additional operations are required to bring 
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it within the variations required by most uses. For many purposes the 
required accuracy can be attained by a hot operation, but for others re- 
quiring still closer limits resort is had to cold working. Succeeding opera- 
tions are required for production of sizes which cannot be accomplished by 
piercing alone. 

Many schemes have been advised for the hot finishing of the pierced 
tube, rolling on long, solid mandrels in various ways, extracting the mandrel 
after the operation; drawing through dies and over long mandrels, and 
rolling on short mandrels have all been thoroughly tried out more or less 
successfully, but it is rolling on a short mandrel that has had the widest 
application, on account of the accuracy of the product and the compara- 
tively low cost of the operation. Fig. 7 shows diagrammatically a machine 

for this method. 


FIG. 7. 


_ A stand of two high rolls with circular grooves is used. A short mandrel 
is supported in the groove of the rolls by a long mandrel abutted against a 
yoke which is tied by long rods to the roll housing. In operation the 
pierced billet at a proper temperature is presented to the rolls, which seize it 
and force it through the groove and over the mandrel. As the annular 
area between the mandrel and roll groove is less than the area of the cross 
section of the pierced billet, a reduction in area and corresponding elonga- 
tion takes place. After the tube has passed the rolls and is on the long 
mandrel, the mandrel is pulled forward free from the tube. The tube is 
then raised and the mandrel is passed back ‘again into the rolling position 
while the tube passes over the top of the rolls for the next pass. Successive 
passes are made in this manner until the desired wall thickness and diam- 
eter is obtained, reheating the billet as may be required. 

This is the old hand method of rolling and is still_used to some extent, 
as it is easy to handle the tube to grooves of successively decreasing diam- 
eter using several mandrels. The method is slow and laborious and has 
been largely superseded by a mill in which all hand handling is eliminated. 
To — this some slight changes were necessary in the rolling 
method. hese changes consist principally in the use of but a single 
groove and. mandrel. The varying area of the pass is obtained by simply 
raising rolls for the earlier passes and using a slightly smaller mandrel. 
The finishing passes are taken with the rolls in a fixed position and with 
the required sized mandrel for the finished inside diameter. The long 
mandrel is fixed permanently in position and the short mandrel only is 
removed after the passes. 

To return the tube to the entering side of the rolls for the next pass 
the top roll is elevated and the tube stripped from the long mandrel by an 
auxiliary set of rolls. On the entering, side of the rolls the tube is re- 
ceived in a V-shaped trough in which it is moved to the rolls by a pusher 
operated by compressed air. All these operations are mechanical excep 
the removal of the short mandrel. ' 
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HOT-FINISHED SEAMLESS BOILER TUBES. 


The successful introduction of this mechanically-operated mill made 
possible the “hot-finished” seamless tube in the boiler-tube sizes. Hand 
handling was too slow to allow the required thickness of wall to be ob- 
tained in one heat, which is an essential requirement on account of finish. 
Rolling reduces the wall thickness of the pierced billet to gages lighter 
than can be obtained by the piercing operation and gives the accuracy re- 
quired for boiler tubes and other similar work. The sliding of the hot 
tube over the stationary mandrel, however, causes scratches on the interior 
wall of the tube that are objectionable for some purposes and in all cases 
spoil the appearance of the finished tube. These scratches are removed by 
a following operation, which has come to be called “ Reeling.” 

The reeling machine is very similar to a piercing mill of the roll type 
with axes in parallel planes, such as shown in Fig. 1, but the rolls of the 
reeling machine are shaped to give contact over a considerable length of 
tube, usually not less than a length somewhat greater than the tube diame- 
ter. The mandrel for reeling is cylindrical instead of conical as for pierc- 
ing. The action of the rolls in giving the tube rotation and longitudinal 
travel is the same. Fig. 8 shows the arrangement. : 











Fic. 8. 

After the tube has been brought to required diameter and wall thickness 
by the rolling mill, it is conveyed to the reeling machine. Here the sur- 
faces, interior and exterior, are rolled in a direction approximately at right 
angles with the direction of rolling on the two-high mill, resulting in the 
practical elimination of any scratches caused by the rolling mandrel. At 
the same time the tube is rounded up and the outside burnished. The 
reeling machine introduces a variation in the pressure of the reeling rolls 
and in the heat, and this variation is corrected by passing the tube after 
reeling through a set of rolls with circular grooves of a diameter the 
same as the required finished diameter plus an allowance for shrinking in 
cooling. 

RECAPITULATION, 


These are the standard hot operations in making a seamless steel tube. 
The — operation forms a tube from the solid blank. This tube 
varies greatly in diameter and wall, not only from the tube to tube but 
in the same tube at different points of its length. The rolling operation 
reduces the rough-pierced tube to accurate circumference and wall thick- 
ness, but the rolled tube is not round nor is it smooth on the interior wall. 
The reeling machine smooths the walls and rounds the tube but introduces 
a silght variation in the circumference, which is removed by the final 
sizing operation. Thus it is seen that each operation, after the piercing, is 
for the purpose of correcting and perfecting the preceding operation. It 
Is not essential that these operations be separated and placed on different 
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machines in this way, as it is entirely possible to complete the work in 
the piercing operations, but such a nicety of adjustment would be required 
to control simultaneously all the different factors that it has been found 
simpler and cheaper to make a separation as described. There is one varia- 
tion occurring in the piercing operation that is not removed to any 
appreciable extent by the succeeding operations, that is, the eccentricity of 
the bore of the tube with the outside surface. The eccentricity varies 
directly as the wall thickness and is influenced by a number of factors— 
the heat of the blank; the ratio of longitudinal feed to rotation; the form 
of the rolls and mandrel and of the supporting guides all have an effect. 
Even when all these factors are as constant as it is possible to maintain 
them, a variation in eccentricity occurs. Under good conditions, however, 
about 50 per cent. of the product will be not more than 5 per cent. eccen- 
tric. The established limit for inspection is 10 per cent. eccentricity. This 
tendency to eccentricity must be taken into consideration in applying seam- 
less tubes. Fortunately for most uses the maximum variation causes no 
serious inconvenience. 
DRAWING-BENCH FEATURES. 


There are numerous uses to which seamless steel tubes are applied that 
require smaller variations from size and a better surface than can be 
obtained by hot work. Also the practical limit for hot work is a tube not 
less than 1% inches in the diameter, and even that at this time is too small 
for economical production. Cold drawing is résorted to in order to obtain 
the smaller diameters and lighter walls, and to reduce variations in dimen- 
sions. The process is as old as the industry and simple in details, although 
requiring skill to obtain good work, 


8 
c 


FIG. 9. 


Fig. 9 illustrates the essential features of a “drawing bench.” A die A 
of the required size is supported in a die head B. This die controls the 
outside dimensions of the tube. Within the die is placed a mandrel C 
which controls the inside dimensions. The mandrel is anchored to the 
rear end of the bench by the rod D to prevent longitudinal movement. 
In front of the die is a gripping mechanism E by which the tube is pulled 
through the die. This gripping mechanism is moved by attaching ‘it to a 
moving chain or to the piston of a hydraulic cylinder. : 

For cold drawing the hot-rolled tube is prepared by reducing the diam- 
eter of one end by a forging operation. This is for the:-purpose of allowing 
the tube to pass through the die far enough to be seized by the gripping 
mechanism. After thus “pointing,” the tube is pickled in diluted acid to 
remove all mill scale. It is then washed and lubricated. 

Going to the drawing bench the mandrel rod with the drawing mandrel 
secured to it is inserted into the tube and the tube is placed on the bench 
with the pointed ‘end projecting through the die‘ to be gripped by the 
pulling mechanism. On attaching the gripper to the moving chain the 
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tube is drawn through the die and over the mandrel, reducing the diameter 
and wall. The average reduction made at a single pass varies from about 
18 per cent. for small tubes up to 25 per cent. for larger ones. ‘Any num- 
ber of passes can be taken, but after each pass the tube must be annealed 
and again “ pickled” and lubricated. 

These are the standard operations in the production of seamless tubes. 
No mention has been made of the operations for forming and finishing the 
tubes, produced by the cupping process, been described, as the’ tonnage 
ae by this process is comparatively small—‘ Page’s Engineering 

eekly. 


VISCOSITY AND ITS RELATION TO LUBRICATING VALUE. 
By ALAN E. Flowers, 
Professor of Electrical Engineering, Ohio State University. 


SYNOPSIS.—The article describes what is meant by viscosity and the 
effect of that quality upon the “ body’ and lubricating value of an oil. 

he moving parts of a bearing are separated by a cushion of oil, the film 
adjacent to each surface sticking to that surface. The motion is thus be- 
tween particles of the fluid, and the bearing obeys the laws of fluid friction. 
This gives the definitions that “ fluid lubrication” is the separation of solid 
surfaces by means of a fiuid of suitable viscosity, and that “ body” ts this 
ability to'be dragged between and so to lubricate surfaces. The resistances 
increase with the viscosity and the velocity, but decrease with increased 
clearance. 

Practicing and operating engineers have in the past quite generally be- 
lieved that viscosity was an abstract term related only to some obscure, 
scientific way of describing materials and having no relation to real lubri- 
cating value in everyday service. Even investigators were cautious about 
claiming any relation between viscosi ty, friction and power loss due to 
friction. Happily, this situation is gradually being changed, owing: 

First, to a better analysis of the readitigs which have in the past been 
accepted as measuring viscosity; and second, to a clearer recognition of 
all the factors that affect the friction between two rubbing surfaces and a 
more exact measurement of these values. 

It is not surprising that a relation between viscosity and friction could 
not be proved- earlier, since we did not have, till quite recently, a correct 
knowledge of the real, or “absolute,” viscosity of the lubricants, due to 
the errors of the flow-type viscosimeters in use, or a recognition and 
measurement of the effect of speed and clearance between bearing and 
journal, on the amount of friction. The labors of many different investi- 
gators have contributed to the solution of these difficulties, and a few of 
these are mentioned in the appended list of references. In the papers and 
in the discussion of the reports presented to the American Society for 
Testing Materials in 1914 and 1915, will be found additional information 
On viscosity, : 

DIFFERENT KINDS. OF FRICTION. 


_ It is the purpose to present here the elementary, fundamental principles 
in the clearest and simplest way and in such fashion as will make the 
knowledge immediately useful. At the same time it.is proposed to lay a 
correct foundation for any further study of the subject. 

_In order, therefore, to make perfectly clear what is meant by the term 
viscosity, let us consider for a moment the different kinds ‘of resistance 
to motion. e 

There is first the resistance to the sliding of one solid body on another. 
Subject to slight modifications arid variations, the general laws for friction 
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of this kind are, that to keep up such a sliding motion: (1) The frictional 
force required is independent of the area of contact; (2) the frictional 
force is independent of the velocity (except that when starting, the force 
required to start the motion may be nearly double that required to continue 
it); (3) the frictional force increases directly as the total pressure be- 
tween the rubbing surfaces. 

These laws for the frictional force may be repeated in a much more 
convenient mathematical form as follows: 


F = cP 


where F is the force required for motion or is the frictional force, P is 
the total pressure between the rubbing surfaces, both of these quantities 
being expressed in the same units, and the “constant” c is the so-called 
friction coefficient. 

Contrary to what might be expected and probably also to what is gener- 
ally believed, well-lubricated bearings are not subject to these relations 
except when being started from rest or when under excessive loads, be- 
cause when running the motion carries lubricant along and forces it 
between the surfaces, actually separating them so that the journal runs on 
a liquid cushion, Naturally, then, the behavior of a bearing is governed by 
the laws of fluid motion. Only imperfectly lubricated bearings or those 
with rough surfaces or those where the journal is warped or bent allow 
metallic contact and follow to any extent the laws of friction between 
solids. Someone has said that “there are no laws for imperfectly lubri- 
cated surfaces.” This is putting the case rather strongly, but it empha- 
sizes strikingly the possible dangers and the probability of large and unex- 
pected variations of friction, with consequent excessive heating. 


WELL-LUBRICATED BEARING FRICTION, 


The laws of fluid motion or of motion of a solid through a fluid must, 
then, be the ones to be considered in well-lubricated bearing friction, and 
it is necessary to form a clear idea of what we mean by a fluid as dis- 
tinguished from a solid. One might say that the thing that distinguishes 
a fluid from a solid is its fluidity, meaning by this the ability of any part to 
move freely with regard to any other part. In other words, the parts of 
a fluid yield to the slightest forces and motion results, no matter how 
small the force may be, while a solid resists and no motion takes place 
till the force exceeds a certain fixed value. Small forces, less than the 
so-called elastic limit, may twist a solid, but when the force ceases the 
solid resumes its original shape. The only limitation to this fundamental 
distinction between solids and fluids is that some materials possess plas- 
ticity; that is, they resist small forces, particularly those suddenly applied, 
but yield under larger forces or under the continued application of even 
emit forces. Beautiful examples of these plastic materials are asphalts, 
pitches and greases. These materials acts as solids under small forces 
and as fluids under large forces or continuously applied forces. 

It is a matter of common observation that some fluids flow mare freely 
than others; that is, there is greater freedom for the motion of one part 
through the rest of the fluid. In the more exact terms of the engineer, 
a greater amount of motion results from the application of the same 
amount of force. The converse or reciprocal of this property of fluidity, 
which might be called the resistance to relative motion, is the property to 
which the name viscosity is given. Thus we have the paradox of defining 
fluids by their viscosity, or their degree of lack of flutdity. Internal fric- 
tion is not. a good substitute for the term viscosity, because it implies 
“rubbing,” as of solids, and absence of motion till the force exceeds the 
value needed to tear the particles along. 

It is plain that when the parts of a fluid move there is this property of 
viscosity-resisting motion, and we. speak of. this as the viscous resistance. 
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VISCOUS RESISTANCE OF A FLUID. 


It is quite natural to ask whether the viscous resistance that is due to 
the action of parts of the fluid on one another can account for all the 
resistance when a solid moves through a fluid or a fluid flows along a 
wall, as when a fluid flows through a pipe or a journal turns on its cushion 
of oil. This is a legitimate question and can be answered only by experi- 
ment. 

There are two things to be looked for. The first is to determine whether 
there is any slippage, or relative motion between the solid wall and those 
particels of the fluid nearest the wall. Here the experimental answer is 
very positive and final. It is, that except in rare cases the particles of the 
fluid in actual contact with the walls adhere so strongly to the walls that 
there is no slippage or relative motion of the solid and this part of the 
fluid, so that the solid is surrounded by, and carries with it, a small por- 
tion of the fluid, and consequently all the relative motion is between fluid 
and fluid and all the resistance is due to the laws of fluid motion. Even 
the fluids that do not stick to and wet the walls, as in the case of mercury 
and glass, behave in this way to such an extent that only a negligible 
fraction of the resistance can be due to slippage. For one particular case 
that was investigated, where the flow of mercury through small tubes was 
measured, not even one five-hundredth of the resistance could have been 
ascribed to friction between fluid and solid due to slippage of the fluid 
along the wall. : 

The second thing to be looked. for is the effect of the inertia of the 
particles of the fluid when they are brought from standstill to some appre- 
ciable velocity or when hurled out of the way of a moving body or when 
the particles of the fluid are hurled hither and thither in eddies and turbu- 
lent motions in those cases where there is plenty of room in the vessel or 
between the walls of the tube or where there is a large clearance between 
the two bearing surfaces. 


WHY TESTS LACK CONSISTENCY, 


This has been the stumbling block that has destroyed much of the value 
of otherwise good work, for experiment answers that “it all depends.” 
In other words, for high velocities, for rough walls, for large tubes, pas- 
sages and clearances, for dense fluids and for materials of very low vis- 
cosity, a large part of the resistance to motion may be due to inertia 
resistances. 

If, then, we keep the velocity low enough or use such shapes that the 
fluid is not hurled about in eddies, we may feel sure that all the resistance 
to motion is due to the lack of freedom of motion of one particle! of the 
fluid on another; that is, to the property of viscosity of the fluid. 

By observing that the slowing down of a body oscillating slowly to and 
fro when immersed in a fluid is the same at one depth of immersion as at 
another, it has been shown that viscous resistance is independent of the 
pressure on the fluid (except for enormous pressures). 

It is evident that the amount of resistance would be greater for a large 
area and for higher relative velocities, and careful experiment has abund- 
antly confirmed these relations. Just what is meant by relative velocity is 
made more clear by considering specific cases. 

Suppose we had a long, deep, narrow vessel and put a thin plate parallel 
to and midway between the side walls, as in the accompanying sketch. It 
is evident from the foregoing that when the test plate is moved a film of 
fluid adheres to the plate and moves with it at some velocity, which we may 
designate at Vi, while a film next the vessel walls adheres to them and so 
is stationary. Intermediate portions would move at some intermediate 
velocity. From this it would appear that the total velocity of fluid on 
fluid is equal to V:, the velocity of the test plate, and that this velocity is 
distributed over the distance c:, separating the test plate and ‘wall so that 


39 
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the average relative velocity would be v:/c:. In a wider vessel, where the 
separation could be made twice as great, the same velocity V: would be 
distributed over 2c, twice aS great a distance, and the average relative 
velocity would be V:/2c: or would be half as great as before. Under 


ILLUSTRATING EFFECT oF CLEARANCE. 


these conditions the test plate would evidently move more easily, and the 
greater ease of movement is directly the result of the lower relative 
velocity. For clearances small enough to make feasible the use of average 
velocities, the resistance to motion would vary directly with the relative 
velocity. These relations may be stated more concisely as follows: 


: F Vv 
Ry varies with A 2 


where A is the surface area, V is the velocity, ¢ is the clearance. 

If a test were made with a plate of unit area or the resistance per unit 
area determined from a test for a case where the relative velocity was 
unity, a certain value for the resistance would result and the value of this 
unit of resistance would be characteristic of the fluid used—in particular a 
characteristic of the lack of fluidity of the fluid; and if the value of this 
unit resistance be designated by r, we have a means of calculating the 
resistance for any case by multiplying the resistance per unit area and per 
unit relative velocity by the total area and by the relative velocity. 

Mathematically, we may write the expression for the viscous resistance 


as: 
Vv 
Ry =f A (%) 
where 


Ry = Viscous resisting force for any case ; 
r= ‘* Viscosity’’ or the viscous resisting force per unit area and per 
unit relative velocity ; 
A= Surface area in motion ; 


Vv 
(7) = Relative velocity. 


The general property of viscosity is, then, the lack of freedom of flow; 
and put more precisely in engineering terms, the viscosity is the resisting 
force per unit area per unit relative velocity. 

en clearances are large and the actual velocity of the intermediate 
portions of the fluid cannot well be represented by the average relative 


velocity () , a better form of statement is to use the calculus form and 


write (Z) ymeaning by this the ratio of the difference of the velocities of 


two closely adjacent very thin sheets of the fluid to, the difference of their 
positions (or their distance apart), ; 


' 





NOTES. 


WHY PRESENT VISCOSIMETERS FAIL. 


The reason all the present flow-type viscosimeters give wrong results and 
so have made impossible a true correlation between viscosity and lubricat- 
ing value is that they are standardized with water, which flows out so rap- 
idly that about five-sixths of the resistance is due to inertia effects and 
eddies and only the small remainder is due to the viscosity. In these 
instruments, each of which consists of a vessel with a short, narrow outlet 
in the bottom, through which the fluid passes, the time required for a 

iven quantity to pass out, determined by means of a stop-watch (the out- 
iow time), is taken as a measure of the viscosity. When standardized 
with water, an instrument such as the Saybolt requires, say, 28.5 seconds 
for the outflow of water at 20 degrees C. or 68 degrees F. Some oil may 
require twice as long, or 57 seconds, but such an oil would be really nearly 
ten times as viscous, instead of just twice. The time it ought to take for 
water to flow out would be about 5 Y, seconds if viscosity alone determined 
its flow. Another way of putting it is to state that if you could test a 
material of the same density as water so that the inertia effects would be 
the same, but having no viscosity at all, that is, infinite fluidity, the outflow 
time for such a material would not be zero, but would be almost exactly 
27 seconds; that is, it would get out only 1% seconds quicker than water. 

Some years ago Ubbelohde gave the form and the constants for calcu- 
lating the absolute viscosity from the readings taken with the Engler vis- 
cosimeter. More recently Meissner (6) has compared the readings of the 
Engler, the Redwood and the Saybolt viscosimeters. These results are 
restated in the written discussion of the Report of Committee D2 on 
Standard Tests for Lubricants at the 1915 convention of the American 
Society for Testing Materials, along with additional expressions, so that 
the absolute viscosity may be calculated from the readings as well as the 
readings corresponding to any viscosity, provided the density is also meas- 
ured, since these instruments give readings that depend on both the vis- 
cosity and density, The following Ae a may be used: 


E = Ratio of the outflow time to the water time. The water time 
is taken at 20 degrees C. or 68 degrees F. 

t = Outflow time, in seconds. 

n = Absolute vary, 

d = Density or specific gravity. 


For the Engler viscosimeter, whose water time is 51.0 sec., 


0.07013 
E 


as7° 


$= 0,08019 E — 
n 


7 diag eige tik 


t= 318.0 (3) I+ it mys) 
Me Aa) 
’ For the Redwood viscosimeter, No. 1,263, which was tested and found to 
have a water time of 26.47 seconds, 
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For the Saybolt viscosimeter, No. 752, which was tested and found to 
have a water time of 28.57 seconds, 


1.4968 
t 


i= 0,0021863 ¢ — —y— 


t= 228.7 (3) [ + Naa 


As shown by these expressions for the calculation of the absolute vis- 
cosity, the values for the materials that are at all low in viscosity, such as 
water, are given by the differences of two relatively large quantities, so that 
the error of the determination is greatly increased. The errors due to 
inertia effects and eddies cease more or less abruptly, an effect not taken 
account of in these equations, and so for some readings the error in the 
final result will differ from that given by these equations. 

The situation would not be so bad if all the oils tested were very thick 
or viscous and if they did not decrease in viscosity so greatly when warmed 
to the high temperatures to which they are subjected in service. 


AN IMPORTANT DEMONSTRATION, 


In spite of this handicap Ubbelohde (7), after compiling and comparing 
the results of former investigations, has shown that oils from different 
crude-oil fields and prepared by different methods of refining but having 
the same absolute viscosity give the same friction coefficient under ‘similar 
test conditions. ee 

If Ubbelohde’s conclusion is substantiated, a very great advance will have 
been scored and it will be possible to duplicate any friction result by 
duplicating the viscosity of the lubricant. 

It is very plain, too, that as long as it is possible to keep a continuous 
sheet of lubricant between the bearing surfaces and to keep the same sepa- 
ration of the stationary and moving parts, the lower the viscosity the lower 
the friction loss. : 

The consideration that sets a lower limit to the viscosity and therefore 
to the friction-force coefficient is the speed and the load pressure on the 
bearing. The moving part carries the viscous lubricant along with it to 
the surfaces to be separated (provided no sharp edges are allowed to scrape 
the lubricant off). Anyone who has stuck his finger into thick molasses 
and pulled out half a cupful clinging to his finger will appreciate that it is 
its high viscosity, or lack of freedom of flow, that allows him to pull out 
so much molasses, while he would be able to bring out only a very small 
amount of water in the same way on account of the low viscosity of water 
and the ease with which all but the film wetting the finger would flow off 
the finger as it was withdrawn. Just so the viscosity of a lubricant helps 
in lubrication by getting the lubricant to the place where it is most needed. 
It is this property of viscous materials that allows them to get between 
surfaces to which the name “ body” has been applied. 

Hersey (3) has stated that the carrying power of a bearing increases 
directly with increase of viscosity and also increases, with increase of 
speed, but reaches a limiting value, so that further increase of speed causes 
no increase of carrying capacity. 


SUMMARY OF RESULTS. 


We might summarize these results by saying that since the lubricant 
adheres to the walls, the relative movement occurs between the different 
parts of the lubricant and the resistance obeys the laws of the resistance 
of fluid motion. 
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With smooth, narrow passages, or low velocities, so that turbulence is- 
avoided, the principal part of the resistance is due to the lack of fluidity; 
that is, to the viscosity of the lubricant. _ 

The viscous resistance for different. cases increases with the viscosity 
and the relative velocity; that is, it increases’ with the total. velocity, but 
decreases with increased clearance. 

In general, the tower the viscosity the tower the friction, but since the 
stationary and moving surfaces should have as much lubricant between 
them as possible and since a thin film of the lubricant always adheres to 
the walls, it is necessary to have sufficient viscosity for the film attached to 
the moving part to drag along enough more lubricant to properly separate 
(that is, “ lubricate”).-the--surfaces,-and—-the--“-body” of a lubricant: is its 
ability to be dragged between surfaces, 

Since a higher speed would carry along the lubricant better, it is pos- 
sible to get satisfactory lubrication at high speeds with ‘low-viscosity ma- 
terials. “This explains the need for low-viscosity lubricants for high ail 
speeds and high-viscosity lubricants for. low-speeds. ae 

When the:pressure between the parts is low, it is-éasy_to get and kee 
lubricants between the surfaces and ‘low-viscosity lubricants may be use 
but if the pressure is high, tending to. squeeze out the lubricant, high- 
viscosity lubricants must be. used. 
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ing Materials, Technical Papers and Reports, 1914 and 1915.—‘* Power.” 


NAVY HAS LARGEST EXPERIMENTAL WIND — 
‘By Wisam McEnree, 


Naval Conditdeadite United ‘States Navy, Navy Yard, Washington, D. C. 


The large imental wind tunnel that the Na Department has estab- 
lished in the Washington Navy Yard at the ¢ oe rimental-model basin has 
now been in operation about a year. The tunnel is the ne g the world, 
having a section 8 feet square at the a where the s are placed 
for testing. In addition to the advantage gained 
ie a pag! motor-driven fan eines als re — ea peek 

our, whi experiments e 

The tunnel. age ges of a closed circuit shaped like the link of a chain, 
as shown in Fig. 1. The 500-H.P. P. ween pet ‘is of the 
corrugated-paddle type, with an inlet of 11 feet 
discharge duct 7 feet 6 inches by 9 feet and and is placed at t 
link. At the other end, where the air oa he flowing 
through the-experimental chamber, are the * which ‘are necessary 
“dl Pages the — ity es bapa rpc tnifor — y ob the 

es consist of 64 square : ro 

is provided with its own damp so that the velocity of the air in 
section can be controlled, At the experimental chamber in the vicinity of 
which aeroplane wings or siodiie are tested the maximum variation from 
uniform flow is about 2 per cent. 

The tunnel is built of wood; frames are spaced about 3 feet on centers 
and are sheathed on the inside ‘with %-inch tongued-and-grooved sheathing 












































Fic. 1.—Layout or U. S. Navy Winp TUNNEL. 


laid in two thicknesses in the direction of the air current and with building 
paper placed between the ‘two layers.’ The necessary curvature is obtained 
by bending the sheathing, the whole of which is blind nailed. 

The fan is driven by a .250-volt, 500-H.P. direct-current motor, arranged 
with Ward-Leonard and auxiliary-field speed control, so that any desired 


speed up to about 200'r.p.m., which corresponds to a wind speed of 75 miles 
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per hour, may be obtained. At the discharge side of the fan are located 12 
pitot tubes, which lead to an integrating manometer that gives the average 
velocity of discharge. This velocity has been calibrated against the 
velocity obtained at the section in the experimental chamber; where the 
aeroplane or other model is placed,:so that any desired velocity may be 
obtained with precision at that. point without having any pitot tubes or 
obstructions other than the model being tested.. In other words, by cali- 
bration the velocity of discharge may be found, and this bears a certain 
constant ratio to the velocity at the experimental section. 

The velocities were determined by pitot tubes that were checked with 
those used in the aerodynamical laboratory of the Massachusetts. Institute 
of Technology and in the.National Physical Laboratory, England. 


INVESTIGATIONS ALREADY MADE. 


Among recent investigations of interest made at the navy wind tunnel 
was the determination of the coefficient of air friction for various aero- 
plane and balloon fabrics. Tests have been made on the new: dirigible 
building for the: Navy Department and on models of’ naval aeroplanes 
both building and projected. A number of tests have also been made for 
private concerns. In carrying out experiments for private: parties the 
same practice is followed as in the case of tests of ship models; that is, 
the actual cost of doing the work is charged in each case. On account 
of the large size of the tunnel, it is possible to test comparatively large 
models of aeroplanes with widths up to 36 inches. 

In Fig. 2 is shown the arrangement of the model of an aeroplane when 
being tested: The model is carried by a steel spindle that extends up 
through the top of the tunnel to the weighing balance, which is placed 
overhead. For about two-thirds of the length in the tunnel the spindle 
is covered by a mask of stream-line form. This mask is secured to the 
ceiling of the tunnel and réduces the force acting on the spindle itself, 
and thus the spindle correction. The weighing balance consists of a 
weighing scale on the platform principle having three axes—two of them 
at the same horizontal line, 61 inches apart, and the third vertically over 
one of the first, 48 inches above it. When a model is set ‘at:a given angle, 
the moments acting about each of these three axes are measured by 
weighing them on the scale. With these data it is possible to compute 
horizontal and vertical components of the force acting on the model— 
that is, the drift and lift—and also to compute the line of application of 
the force. Tests are usually made at speeds of 40 miles per hour. At this 
speed and at the angle of least resistance an ordinary aeroplane-wing 
model has: a horizontal resistance of something less than 1/10 pound. It 
is therefore necessary that the balance should be ‘capable: of weighing a 
force with accuracy to about */1c0 pound. 

The large size of the tunnel makes it possible to: test: full-sized radiators 
for aeroplane ‘motors, and comparative tests have recently been made on 
several types, both as to air resistance and cooling capacity. 

The wind tunnel has also been used for certain other tests that are not 
directly connected with aeronautics, such, for example, as the determina- 
tion of the influence of form and dimensions on the size of ventilating 
cowls for use:on ships. These tests have shown that it is not necessary 
to exceed’ certain dimensions, which are less than have heretofore been 
used in many cases. It is proposed shortly to obtain the wind resistance 
of a large battleship, this being an element of a ship’s resistance’ that has 
not previously been accurately measured. - 

In conjunction with the wind tunnel the model basin is used for deter- 
mining the best form of floats for hydroplanes, and there will no doubt 
be many: other cases where the data derived from tests made in the water 
may be applied directly to aeroplane design—‘ Engineering News.” 
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STEAM TURBINE BLADING. 


The blading of a steam turbine is so vital that if it becomes damaged 
or eroded the efficiency of the unit will be seriously affected. A failure of 
even ‘one blade may completely wreck the unit. Therefore strength and 
the property of resisting erosion and corrosion are paramount. 

Builders had to feel their way with their first turbines until they learned 
by experience the performance of various mateérials. In this way they 
developed blading that gives’ excellent’ service in their respective: machines. 
But the constant’ demands for increased size of unit, for better economy 
and fof. turbines to operate with high steam pressure and high superheat 
will make it necessary to seek better’ blading materials than those now in 
use. The increases in size and economy can be secured partially by in- 
creased blade speeds. This results in: increased’ centrifugal speeds and 
correspondingly increased working stresses in the blades. Increased steam 
pressuré and superheat also increase capacity.. Much of the blading mate- 
rial that has. proved satisfactory under moderate temperatures would be- 
come unsafe;under the temperatures corresponding ‘to very high pressures 
and. superheat. When such blades are: subject to continuous high tem- 
peratures, they become: annealed: and lose much of their strength. Even 
when not subject to annealing, all metals tend to decrease. in strength 
ra geese and the strength of bronze decreases more rapidly than that 
of stee 

A paper was recently read before the Institute of Metals, dealing with 
alloys for high-speed superheated-steam turbine blading, The author dis- 
cussed the various:materials used and told how each behaved. He showed 
that brass alloys of :;copper and zinc are unsatisfactory for highly super- 
heated steam,'as they anneal gapidly and become too ductile and weak. 
Copper was once used extensively in England for high-pressure’ blading, 
but is unsuited for high temperatures. He. also found that copper-nickel 
alloys, while much better than the brasses, are also subject to softening. 
His investigations: led him to conclude that the best alloy blading for 
superheat would be a phosphor-bronze or an alloy of copper-nickel-alu- 
minum. 

In Europe a 5-per cent. nickel-steel was found to work satisfactorily 
for moderately high superheat. A French engineer has pointed out that 
if pure nickel is alloyed with soft steel from an electric furnace to give a 
5-per cent. nickel-steel, this gives excellent service. Some builders use 
soft steel with little carbon, silicon or manganese, but:this material rusts 
easily. It is thus evident that there is a wide field open for the chemist 
and metallurgist to produce.a blading material that will successfully with- 
stand high superheat and high rotational speed and will not corrode in an 
atmosphere of wet steam. 

Higher blade speeds permit higher steam speeds. Improved efficiency, 
together with higher steam pressures and superheat, will probbaly produce 
steam in the last rows of blades as wet as, if not wetter than, is now com- 
mon. Wet steam traveling at high speed. in the exhaust’ end corrodes 
and erodes the metal. Therefore low-pressure — must be practically 
non-corrosive. : This:is: more necessary in the case of impulse types such 
as the Curtis or Rateau than in the Patsons, or reaction, blading, for the 
inlet — of the blades is a factor of much importance:in the first two 
types. In many turbines of these types now in use, the low-pressure  blad- 
ing :has to be. renewed periodically because of the eating away of the 
material by the wet steam. i ¥ 

What might be called the “sand-blast” action of the steam also has to be 
considered. The high velocity of the steam tends to tear away particles 
from the first rows of blades, and these, together with the moisture in 
the steam, produce a scouring action on the low-pressure blading. Fur- 
thermore, many users of turbines have noticed that deposits. of. lime and 
soda occur on the backs of some of the low-pressure blades, and evidently 
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came over with the superheated steam, but were not deposited until the 
steam became wet. In one case examination failed to show scale or other 
material in the superheaters. The only logical explanation is that the 
matter had been carried over in wet steam; As steam pressures and tem- 
peratures increase, the character of the feed water and the condition of 
the fluids in..the boilers become matters of importance. This has been 
recognized at the Connor’s Creek plant of-the Detroit Edison Co., where 
distilled water is used for boiler-feed purposes. 

The demand for increased size of units and increased efficiency of steam 
turbines has increased the nroblems before builders in an almost incredible 
degree. In justice to them it is only fair that patience and forbearance be 
shown them while they are finding materials that will serve under these 
new conditions.—“ Power.” . 


GYRO STABILIZERS. 


The idea of Steadying vessels by means of gyroscopes is not new. Herr 
Schlick, years ago, made experiments.on a small vessel, the Seebar, which 
demonstrated their utility in reducing rolling.. Why greater progress has 
not been made towards a more general adoption of such means for pro- 
ducing steadiness it is difficult to say. Frahm’s anti-rolling tanks were 
preceded by many years by the rolling tanks in the old Inflexible, yet no 
commercial use was made of the idea until a comparatively recent date. 
There is every likelihood that the Sperry gyro stabilizer will prove: com- 
mercially successful and be adopted in many passenger and. war. vessels 
in which ‘steadiness is of: great importance.’ Sperry’s experiments on the 
Widgeon, which had the reputation of being a very free roller, displayed 
the steadying effect of his apparatus. With equipment which weighed about 
1 per cent. of the displacement, the vessel’s rolling was reduced in a par- 
ticular sea from 40 to 3 degrees. . The weight of the gyroscope does not 
bear a constant ratio to that of the ship,.as waves of given magnitude have 
more influence on small ships than they have on-large ones, and therefore 
require greater roll-quenching power \to be installed—“ Shipbuilding and 
Shipping Record.” EE 
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UNITED STATES NAVAL VESSELS. UNDER CONSTRUCTION, 


DEGREE OF COMPLETION. 





Percentage | Percentage 
mechionty hull 
compl completed 


Building yard. 1916. |May 1, 1916, 





No. shafts. 


Apr. 1/May 1|Total. 


3 
be 
43-9 





BATTLESHIPS : j 
Pennsylvania, | Newport News Co... 


Hoesen 


New York S. Co. 
Fore River S. C 
Fore River S. Co. 
Bath Iron Works 
Bath Iron Works.. 
Wm. Cramp & Sons. 
.»| Navy Yard, Mare 
---| Navy Yard, Mare 
Navy Yard, Norfolk 
Seattle Con. & D: D. Co. 
Wm. Cramp & Sons...... . trb, 
covscscssseessrssrsecseseees) Win. Cramp. & Sons......| Pars. trb. 
seeeceenceocecrvew sasevee-| Bath Iron Works......0.+| Pars. trb. gearing 
FUEL SHIPS : 
Maumee ..10.0000000| Navy Yard, Mare Isl'd...| Diesel........0000000+ 
Cuyama... Navy Yard, Mare Isl’d...| Reciprocating... 


Navy Yard, Phila..........| Reciprocating .... 
dl ; eclonbeetion 





SBBSBB 
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BB8Ss 


Navy Yard, Boston........| R bie 
.| Navy Yard, Charleston...) Recip. oil fuel..... 
.| Navy Yard, Norfolk....... Recip. oil fuel..... 
wee] Navy Yard, Charleston...) ......ocssscorrrescessee| s+ 


Navy Yard, N. Y...sec0e| Diesel-Sulzer ...... 
Diesel-New Lond 
Diesel-Sulzer 
Diesel-Sulzer. 





Diesel. 
| Elec. Boat Co., Quincy...| Diesel-Ne 
«| Navy Yard, Portsmouth.) Diesel-Su 
Elec. Boat Co., 






































ie Navy Yard, Portsmouth. 
wee] Navy Yard, P. S....cssceee 
«| Elec. Boat Co., uincy.. 

















Diesel-New Lond 
Diesel-New Lond 
Diesel-New Lond 
Dies, lee: 

Diese! ne 
Viece! 
*: '* . Dies 
pe ERECT Cal. S. B. Co., L. B. Dies 


o-1 Cal. S. B. Co., L. B.......| Dies 
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BOOKS RECEIVED. 


Oi. FurL. By Ernest H. PEasopy.—A treatise on oil 
fuel presented at. the International. Engineering Congress, San 
Francisco, California, Treats of Oil Discovery and Produc- 
tion, Distributing Points and Storage at Shore Stations, Com- 
parative Cost of Oil Fuel, Properties of Oil, Storage on Board 
Ship, Methods of Burning, etc.. . This valuable pamphlet will 
be welcomed, as it has everything needful to make it a stand- 
ard for engineers.on the subject of oil fuel. 


INDUSTRIAL USES OF FUEL OIL. By F. B. DunN.—An 
excellent treatise for the use of practical men. It isa practi- 
cal exposition of the use of fuel oil for industrial purposes. 
Contains eighteen chapters with numerous illustrations, and 
treats of oil fuel in all its phases. The language is simple, 
the text large and clear, and the numerous illustrations, which 
are a host of information in themselves, are beautifully ex- 
ecuted. TECHNICAL PUBLISHING COMPANY, 618 Mission 
Street, San Francisco, Cal. 


FUNDAMENTALS OF MILITARY SERVICE. By CAPTAIN 
LINCOLN C. ANDREwS, U. S. Cavalry.—A text book and 
system of training that will enable each citizen to know. 

_enough about the military service and its needs to give him 
an intelligent opinion thereon, and aid him in preparing him- 
self to meet the individual responsibilities as a citizen soldier. 
Contains twenty-five chapters treating of Our Military Service, 
Psychology of the Service, Military Training, Organization, 
Infantry Drill, Cavalry, Field Artillery, Coast Artillery, The 

* Engineer Corps, Signal Corps, Tactical Rules, Regulations, 


Small-Arm Firing, etc. J. B. Lipprncorr Company, Phil- 
adelphia. 
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EFFICIENCY IN THE SCREW PROPELLER.—A pamphlet 
issued by the AMERICAN SCREW PROPELLER COMPANY, of 
Philadelphia, Pa. This company designs propellers by the 
methods of design brought out by Captain Charles W. Dyson, 
U. S. N., as the fruit of fourteen years of close study of this 
subject. These methods have been published from time to 
time in the pages of this JOURNAL. 


The Dikse1, ENGINE IN PRACTICE. By J. E. MEGSON 
and H. S. Jonrs.—Contains twelve chapters and gives the 
benefit of many years of practical éxperience in operating the 
Diesel engine. Includes Historical Outline, Basis of Opera- 
tion, Experience with Earlier Installations, Fuel Oil, Opera- 
tion and Care of Engines, Modern Engities, Diesel Applied to 
to Marine Purposes, etc. TECHNICAL PUBLISHING COMPANY, 
618 Mission Street, San Francisco, Cal. 
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ASSOCIATION NOTES. 


The following members and associates have joined the 
Society since the publication of the last JOURNAL. 


MEMBERS. 


Anderson, Lorain, Lieutenant, U. S. N. 
Barry, James R., Lieutenant, U. S. N. 
Bowman, Mark C., Lieutenant, U. S. N. 
Crenshaw, Edmund A., Lieutenant, U. S. N. 
Murray, George D., Lieutenant, U.S. N. | 
Parrott, George F., Jr., Lieutenant, U. S. N. 
Poteet, Fred H., Lieutenant, U. S. N. 

Rose, Solon E., Ensign, U. S. N. 

Saxer, John J., Lieutenant, U. S. N. 
Schlossbach, Isaac, Ensign, U. S. N. 
Tisdale, George M., Ensign, U. S. N. 


ASSOCIATES. 


Cone, J. D., Cameron Steam Pump Works, 11 Broadway, 
New York City. 

Frauenfelder, J. Barraja, Chief Engineer, The Lake Torpedo 
Boat Company, Bridgeport, Conn. 

Mcllvain, William M., Lieutenant, U. S. M. C. 

Schiller, Peter G., Room 1616, 165 Broadway, New York 
City. 

Turner, Clarence Porter, 8 Front Street, Schenectady, N. Y. 


THE ANNUAL BANQUET of the Society was held at the Army 
and Navy Club in the City of Washington, D. C., on the 
evening of March 25, 1916. About 200 members and guests 
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were present, among whom were several members of both 
branches of Congress. The occasion was a most enjoyable 
one. Captain J. S. McKean, U.S. Navy, acted as toastmaster 
and the following gentlemen responded to toasts : 

Hon. Josephus Daniels, Secretary of the Navy. 

Senator James D. Phelan... 

Hon. Ernest W. Roberts. 

Mr. J. W. Powell. 

Rear Admiral W. S. Benson, U. S. N. 

Mr. William L. Saunders. 

Engineer-in-Chief R. S. Griffin, U. S. N. 

Mr. Guy Mason. 
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DAVIDSON 
STEAM PUMPS 


FOR ALL SITUATIONS. 


CONDENSERS, 


EVAPORATING 
and 
DISTILLING 


APPARATUS. 





U.S. S. “Connecticut”, 
‘* Washington”, 
“St. Louis”, 

“ Denver”, 

“ Chattanooga”, 

* Bancroft”, 

‘‘ Baltimore”, 

* Cleveland”’, 

‘¢ Galveston”, 

“Tris’’, 

‘* Rainbow”, 

“ Arkansas”, 

“ Bagley”, 

“Dale”, 

“ Rodgers”, 

“ Stewart”’, 

“Worden”, 

** Winslow”, 

“ Gloucester”, 
&c., &c., &c, 


M. T. D AVIDSON, 43-53 Keap Street, 


BROOKLYN, NEW YORK. 
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NEWPORT NEWS SHIPBUILDING 
AND DRY DOCK COMPANY. 


works AT NEWPORT NEWS, VA., ON HAMPTON ROADS. 
EQUIPPED WITH 


THREE LARGE BASIN DRY DOCKS 


OF THE FOLLOWING DIMENSIONS: 


DOCK No.1. DOCK No. 2. DOCK No. 3. 
Length on top, . . . 610 feet 827 feet 587 feet 
Width on top, DT Sore 130 “* 162 “ “47 =«** 
Width on bottom, - - - 50 “ 80 ‘ 62 ‘ 
Draught of water over sill, - a * 30 “ 4“ 





Shops are Equipped with Modern Machinery Capable of Doing 
the Largest Work Required in Ship Construction. 


3 TOOLS DRIVEN BY ELECTRICITY AND COMPRESSED AIR USED IN 
CONSTRUCTING AND REPAIRING VESSELS, 
For further particulars address 
H. L. FERGUSON, Pres., Newport News Shipbuilding and Dry Dock Company 
NEWPORT NEWS, VA. 








WELDED STEEL STEAM 
and WATER DRUMS 


for WATER-TUBE BOILERS. 


Embodying Strength with Lightness and freedom from LEAKAGES Incident to 
Riveted Structures. 


MORISON 
SUSPENSION 
FURNACES. 


& Fox 
CORRUGATED 
FURNACES. 
Welded Steel 
Tank Receiver, etc. 


The OONTINENTAL TRON WORKS, 


West and Calyer Sts., BOROUGH OF BROOKLYN, N. Y,, 


Greenpoint Ferry from East 23d Street, New York. 
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Testing Vertical Forced Draft Sets 


“APPROVED”— 


Means a great deal when applied to any manufactured article 
by the Bureau of Steam Engineering. 


UMMM Ur ERRY UMMM Up 


WM PLL SLL 


is used by the Navy Department for driving forced draft fans, 
generators and pumps on destroyers and battleships. 

Every turbine is tested in the presence of an inspector 
of the Department before shipment and must fulfill all re- 
quirements or it cannot be stamped “‘APPROVED.”’ 


Write for a set of bulletins and get better acquainted 
with the TERRY. 


THE TERRY STEAM TURBINE CO, 


HARTFORD, CONN. 
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AUXILIARY MACHINERY 


WITH AN ENVIABLE REPUTATION 


STEERERS, HOISTERS, WINCHES 
CAPSTANS AND WINDLASSES 
HAND, STEAM AND ELECTRIC 


AMERICAN ENGINEERING COMPANY 


PHILADELPHIA, PA. 
MACHINISTS AND FOUNDERS 


Successor to American Ship Windlass Co. and Williamson Bros. Co. 








15-318) 


MARYLAND STEEL CO. 


MARINE DEPARTMENT, 


SHIPBUILDERS AND ENGINEERS, 


SPARROW’S POINT, MD. 














Long Distance Telephone Service by Private Wire between New York, 
Philadelphia, Boston and Sparrow’s Point Offices. 


New York Office, 71 Broadway. Boston Office, 70 Kilby Street. 
Philadelphia Office, 312-319 Girard Building. 
Chicago Office, Western Union Building. 
San Francisco Office, 1505 Chronicle Building. 
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THE BERWIND-WHITE 


COAL MINING CO. 
PROPRIETORS, MINERS AND SHIPPERS OF 
Berwind’s Eureka 
Berwind’s New River ana 
Berwind’s Pocahontas 





SMOKELESS 


STEAM COALS 


Also Ocean Westmoreland Gas Coal 
OFFICES 


New York . No.1, Broadway 
Philadelphia Commercial Trust Building 
Boston . . Staples Coal Co., Agts., No. 40 Central St. 
Baltimore . Keyser Building 
Chicago . . Peoples’ Gas Building 
SHIPPING WHARVES 


Eureka Pier, Harsimus 
New York Sixth Street, Jersey City 
Philadelphia . . . Greenwich Point 
Baltimore . . . Canton Piers 
Virginia . . . . Newport News and Norfolk 
Minnesota. . . . Duluth 
Wisconsin. . . . Superior 

EUROPEAN AGENTS 


Cory Brothers & Co., Ltd., No. 3 Fenchurch Avenue 
LONDON, E. C. 
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Products of the G. E. Co. 


MADE ESPECIALLY FOR 
MARINE SERVICE 


Gasolene-Electric Gen- Meters and Instruments 
erating Sets Switchboards 
Steam Engine Genera- Wire and Cable 
tors Wiring Devices 
Turbo-Generators Telltale Boards 
Motors Electric Bake Ovens and 
Mazda Lamps Ranges 
Arc Lamps Electric Radiators, Tub- 
Searchlights, Incandes- ular and Luminous 
cent and Arc 


General Electric Company 


Largest Electrical Manufacturer in the World 


General Office, Schenectady, N. Y. 


DISTRICT OFFICES IN: 


Atlanta, Ga. 
Chicago, Ill. 
Denver, Colo, 
Philadelphia, Pa. 

“4 Boston, Mass. 

a” Cincinnati, Ohio 
New York, N.Y. 
San Francisco, Cal. 


Sales Offices in all 
large cities 


4187 
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CHOOSE YOUR CLAMPS TO FIT YOUR WORK. 





Capacities 0-124”. 


Williams’ “VULCAN” and “AGRIPPA” Clamps 


afford abundant variety for all work. 


“Agrippa” Medium “Light Service” “*Vulcan’”’ Tool “Vulcan” Machinists’ Clamps. “*Vulcan’”’ 
Service Clamps. Clamps. Makers’ Clamps. Capacities 1i”-4)”, Seen Clamps. 
x Classes. 


Capacities §”’-18”. Capacities 0’-12”. Capacities 0-4”. 


Maximum toughness, strength and rigidity with minimum 
weight are procured only by our specialized heat treatment, 


drop-forged refinement and most approved design. 
The first two inimitable! The last endorsed by imitation, 


the sincerest form of flattery. 


J.H.WILLIAMS & CO. 
Street BROOKLYN, NY. chy 
The Wrench 


Western Office and Warehouse: 40 So. Clinton St., Chicago, Ill. 
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IN THE LATEST IMPROVED PATENT 


NICLAUSSE 


WATER-TUBE BOILER 


Tnerustation is Impossible in the Tobes Exposed to Radiant Heat 


These tubes being fed only with water previously automatically 
softened and heated at a high temperature. 


Sim 3 


View of 27,000 H.P. Niclausse Boiler Plant fitted with Niclausse Automatic Stokers. 


NICLAUSSE 
AUTOMATIC STOKERS 


burn the LOWEST grades of fuel and give the 
HIGHEST economical results WITHOUT SMOKE. 


Works and Head Office: 24 RUE DES ARDENNES, PARIS (XIX¢. Arr). 
Telegraphic Address: GENERATEUR-PARIS Code Used: ABC, 5th Edition 


Licensees for Great Britain { The British Niclausse Boiler Co., Ltd. 
and its Colonies Caxton House, Westminster, S. W. 
Telephone, 4086 Victoria Telegrams, Britniclos, London 
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LOVEKIN ASSISTANT CYLINDERS FOR VALVE GEARS. 


The Lovekin Assistant Cylinders are designed for balancing the forces due to BOTH THE INERTIA 
AND WEIGHT OF THE VALVE GEAR. They are, therefore, of great value to engines FITTED WITH EITHER 
PISTON OR FLAT SLIDE VALVES. 

Several of the United States Naval Vessels in commission and all those now under construction 
have their engines fitted with LOVEKIN PATENT ASSISTANT CYLINDERS TO ALL OF THEIR 
VALVE GEARS, 

The following Shipbuilding and Engineering Companies have fitted LOVEKIN ASSISTANT 
CYLINDERS to valve gears on engines built by them: 

New York Shipbuilding Co Camden, N. J. 
Newport News Shipbuilding Co. ..Newport News, Va. 
Wm. Cramp & Sons Shipbuilding Co. ..Philadelphia, Pa, 
Fore River Shipbuilding Co -Quincy, Mass, 
American Shipbuilding Co Cleveland, Ohio. 
Vulcan Works.. Stettin, Germany, 
Kawasaki Dockyard Co. -Kobe, Japan. 
..Milan, Italy. 
N’Odero Co... -Genoa, Italy. 

Many of these vessels have ® run over 250,000 miles without requiring any overhauling of the valve 
gear, These Assistant Cylinders prevent excessive wear on the eccentric straps or any parts of the valve 
gear AND THEREFORE ENABLE THE VALVE GEAR TO BE KEPT IN CORRECT ADJUSTMENT FOR VERY 
LONG PERIODS SO THAT THE STEAM DISTRIBUTION THROUGH THE VALVES AND PORTS REMAIN AS 
DESIGNED. 

It is surprising to see the great consideration that is given the flat slide valve frequently used on 
L.P. Cylinders, few engineers forget to state that ‘‘ balance cylinders will be used for the L.P. Valve 
Gears.” How many engineers or designers have taken the trouble to find out what a poor device the 
ordinary balance cylinder is? It can only hold the weight of the valve gear up at one particular receiver 
pressure. The inertia force which is ever present and varying with the speed of the engine is always the 
force that causes the trouble and requires a continual expense for upkeep. THESE INERTIA FORCES ARE 
PRISENT TO THE SAME EXTENT IN ALL VALVE GEARS IF THEY ARE OF THE SAME WEIGHT, therefore, 
why specify the I,.P. Valve Gears to be balanced and let the H.P. and I.P. Valve Gears go unbalanced 
when all valve gears can be balanced so easily by the LOVEKIN ASSISTANT CYLINDER. 

THE LOVEKIN ASSISTANT CYLINDER performs the work of neutralizing the forces set up in 
the valve gear, DUE TO BOTH THE INERTIA AND WEIGHT of the same, and, therefore, SAVE POWER, SAVE 
WEAR AND TEAR, SAVE OIL, SAVE REPAIR BILLS AND KEEP THE VALVE SETTING CORRECT FOR 
MUCH LONGER PERIODS THAN /S POSSIBLE WITHOUT THEM. 

The valve gear can be designed much lighter, 

Balancing the inertia and gravity forces in the valve gears enables the main engine to be balanced 
toa far greater extent than is possible where the valve gear forces are not balanced. This was proven 
quite recently in the case of some high-speed destroyers in the United States Navy, where comparative 
tests were made with and without LOVEKIN INERTIA CYLINDERS. 

NOTE.—NO FORM OF PISTON VALVE OR ORDINARY BALANCE CYLINDER CAN BE DESIGNED TO 
DO MORE THAN CARRY THE WEIGHT OF THE VALVE GEAR AT ONE CONSTANT PRESSURE IN THE 
RECEIVER. THEREFORE THE GREATEST FORCE, OR THAT DUE TO THE INERTIA OF THE VALVE GEAR, 
1S NEGLECTED. 

Where flat slide valves are used it is necessary to provide a relief frame at the back of the valve so as 
toeliminate friction. I have about one thousand of these Cylinders in use at the present time, all of which 
are giving the greatest possible satisfaction to the owners. 


I refer you to the following owners and builders, some of whom have had years of experience with 
my Cylinders: 


American-Hawaiian Steamship Company, New York City, N. ws ..(2 Engines, 3,600 
United States Navy Department, Washington, D. C (20 Engines, 200,000 
Pacific Mail Steamship Company, California eh a Engines, 30, 
Pacific Coast Steamship Company, Seattle, Washington... 

Merchants & Miners Transportation Co., Baltimore, Md.. 

Gulf Refining Company, New York City, N. Y 

Texas Oil Company, New York City, N. Y. 

Standard Oil Company, New York City, N. Y re 

Old Dominion Steamship Co., New York City, N. Y... ...-(1 Engine, 1 
Coastwise Transportation Co,, Boston, Mass ‘6 Engines, 9 
Mallory Line Steamship Co., New York City, N. Y. (1 Engine, 7, 
American Shipbuilding Co., Cleveland, Ohio (12 Engines, 20, 
Kawasaki Dockyard Co., Kobe (2 Engines, + 
N. Odero Company, Genoa, Italy (4 Engines, 20 
Vulcan Works, Stettin, Germany (2 Engines, 5, 
United States Revenue Service, Washington, D. C..............ecceeeeseeeee (2 Engines, 3, 
Chesapeake Bay Line Steamer Co/umoéza.. (1 Engine, 3, 
Miscellaneous Small Ranioet. ae : (14 Engines, 15,000 
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Many of the above engines have been in use for periods of Shoes five to ten years, and I have numer- 
ous letters from the owners testifying to the great advantages of my patent Assistant Cylinders. 


R. LOVEKI 
oe atiet Engineer, New York Shipbuilding Co., Camden, N. J. 

I have been Chief Engineer of the S. S. Governor for the past 6 years, and your Assistant Cylin- 
ders were installed on her. I found them to bea very good thing for the eccentrics, for after running 6 
years the low-pressure straps had only worn ts of an inch, and the H.P, and M.P. the thickness of a tin 
shim. The engines are twin screw 5,000 I.H 

We ran about 370,000 miles and procoren 22 landings a month. We only had water on an eccentric 
Once in that time, and that was when the steam pipe to the low-pressure Assistant Cylinder broke, and 
while we were repairing it we had to run water on it as it would not run with oil. 


CAMDEN, N. J., June 28, 1913. 


The only repairs we had to make to the cylinders was to put in new snap rings once a year, and I 
recommend as a great saving on the valve gear and the eccentric straps. 
Yours truly, B. K. mesg ory 
Chief-Engineer, S . S. Congress 
Pacific Coast Steamship Co. 
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a NICKEL 


Shot—High and low carbon. Ingots—Two sizes, 25 lbs., 
50 lbs. ELECTROLYTIC NICKEL, 99.80 per cent. 


Prime Metals for the Manufacture of Nickel Steel, German 
Silver, Anodes and all remelting purposes. Our Nickel is 
produced as Rods, Sheets, Strip Stock, Wire and Tubes 


WONEZ We are SOLE PRODUCERS of this natural 


stronger-than-steel, non-corrodible alloy 


dor DL Manufactured forms are Rods, Flats, Cast- 
TA ings, Tubes, Sheets, Strip Stock and Wire 


Trademark 
Reg. U. S. Pat. Off. 


Send inguiries direct to us 


THE INTERNATIONAL NickEL Company 
43 Exchange Place, New York City 





























ADVERTISEMENTS. 


POSITIVE PATENT LIFTING CLAMP 


IN USE AT. 
U. S. War British Admiralty 
Yards 


Department f ; 
Sandy Hook ' Chatham 
Proving Ground og Portsmouth 
U. S. Navy Yards . - Sheerness 
— » © Pembroke 
Boston ‘ 
Philadelphia ey West India Docks 
Mare Island ‘ a Royal Ordnance 
Naval Station Factory 
Pearl Harbor, Woolwich 
Hawaii New South Wales 
U. S. Naval } Government 
Proving Ground French Admiralty 
Panama Canal Royal Arsenal 
getter g Venezia 
Industrial . 
Establishments , Government 
Throughout ce : Ship Yard 
the World ay P: Sorel, Quebec 
i Canada 








From 1 [2 to 100 Tons Capacity 
TYPE «A”’ 


A Clamp with a POSITIVE GRIP 
The Heavier the Load, THE FIRMER THE GRIP 


WILLIAM E. VOLZ, M. E. 
Sole Manufacturer for the U. S. 
SALES AGENT 


WELDLESS CHAINS, LIMITED 
The Strongest Chain in the World 


New York 
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COOK’S STANDARD DOUBLE METALLIC PACKING 


ESPECIALLY DESIGNED FOR MARINE SERVICE 


Extensively used in the United States Navy, United States Quartermaster 
Department, and by all prominent shipbuilders throughout the country. High- 
est satisfaction guaranteed 





Write for particulars to 


C. LEE COOK MFG. CO. 


LOUISVILLE, KY., U. S. A. 


GALVANIZERS 


Westinghouse 


Electrical Apparatus 














We make motors to drive anything, anywhere, 
any time or all the time, under any conditions. 


oS CAN SELINA AWD 


Westinghouse Electric 
& Manfg. Co., Pittsburg, Pa. 


Sales offices in all large cities 














KATZENSTEIN'S SELF-ACTING METAL PACKING 


For PISTON RODS, VALVE STEMS, etc., of every description, 
for Steam Engines, Pumps, etc., etc. 

Adopted and in use py ‘the rincipal Iron Works and Steamship 

en within the last twelve years, in this and — countries, 

FLEXIBLE TUBULAR METALLIC PACKING, for slip-joints 
on Steam Pipes, and for Hydraulic Pressure; also METAL GASKETS 
for all kinds of ‘flanges and joints, 

Dovsts-Actinc BALANcep WartertiGHT Butxueap Doors for 
Steamers. Also Agents for the McColl-Cumming Parent Liquip 
Rupper Brake. 

For full particulars and reference, address, 


L. KATZENSTEIN & CO., 


General Machinists, Brass Finishers, Engineers’ Supplies, 
357 West Street, New York. 


BRASS FOUNDERS 
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WARREN STEAM PUMP. 60. 


WARREN, MASS. 





PUMPS AND CONDENSING APPARATUS 


MARINE INSTALLATIONS 


NEW YORK OFFICE: 
95 LIBERTY STREET, NEW YORK CITY 


ALMY'S PATENT SECTIONAL 
WATER-TUBE BOILER. 
ron ECONOMICALe ee 

PRODUCTION OF STEAM 


@eiN ANY SERVICE. 


WHEN LIGHT WEIGHT, 
SMALL SPACE, 
DURABILITY, 


ACCESSIBILITY, 
HIGH PRESSURE, 
SAFETY, 
ARE CONSIDERED, IT 
OUTCLASSES ALL OTHERS. 








ECONOMY, 


OPERATES NICELY IN BATTERIES. 
j —— AUTOMATIC FEED REGULATION. 
MARINE—STATIONARY. 


OVER 250 ALMY 


ee eae aa pep, WATER-TUBE BOILER C0., 


SEND FOR CATALOGUE PROVIDENCE, R. I. 
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SEATILE CONSTRUCTION & DRY DOCK COMPANY 


Seattle, Washington 


SHIPBUILDERS——ENGINEERS——BOILERMAKERS 
FOUNDERS——-LUMBER MANUFACTURERS 





LARGEST FLOATING DRY DOCK EQUIPMENT ON THE 
PACIFIC COAST 


COMPLETELY EQUIPPED PLANT FOR QUICK REPAIRS 
Cable Address: «‘ Threedocks”’ 








Automatic 


STOPAMLME 


FUEL OIL SYSTEMS 


The Valve that makes the use of Fuel 

Oil as safe as coal. A Perpetual 

Fire Life and Accident Insurance 
SEND FOR BULLETIN AND REFERENCES 


ON APPROVED LisT ISSUED BY UNDERWRITERS’ LABORATORIES, AND USED BY 
UNITED STATES NAVY AND MERCHANT MARINE 








LALOR FUEL OIL SYSTEM Co., 
527-529 Colvin St., Baltimore, Md. 











METALLIC PACKING for the piston rods and valve 
stems of main and auxiliary engines, saturated or suv 

perheated steam. Entirely flexible, therefore no possibility 

of heating rods, In use on many ships in the Navy. 


THE UNITED STATES 
METALLIC PACKING CO. 
PHILADELPHIA.PA..U.S.A. 





xxxii lutea ame acseoshe 


BETHLEHEM STEEL CO, 


SOUTH BETHLEHEM, PA. 25 Victoria Street, LONDON 





Naval, Field sana — 
4 i i a Forgings 
an 

i. Casti 
Coast Defense | / : ings 
GUNS and : : Shafting 

9 : CaaS scssttemmaalens : -¥ Rail 

MOUNTS _ , us 

: and 

Armor ig 


ae eae Structural 
Turrets bi ere 





2 SUR pee ame Steel 
Projectiles ze me per he a ee 
9.2 Coast Defense Gun with Sub-calibre Equipment, on Barbette Mount. 


We are continuously manufacturing ORDNANCE 
MATERIAL for the U.S. Army, U. S. Navy 


and [dba ccnihinisaoanencll 


KROESCHELL 


CARBONIC ANHYDRIDE SYSTEM 
OF 
REFRIGERATION & ICE MAKING 








. thi 
vane eal SPECIALLY DESIGNED 
gs (Mi l NAVAL - MERCHANT MARINE 
bi@ uni: 
eva § CARBONIC ANHYDRIDE (CO,) 


SAFE — ECONOMICAL — EFFICIENT 











U. S. BATTLESHIPS | 
‘NEW YORK’’—+:PENNSYLVANIA” 
are recent installations 


CATALOG AND INFORMATION ON REQUEST 


KROESCHELL BROS. ICE MACH. CO. 


Main Office and Works: 470 W. Erie St., Chicago 
Eastern Office: 30 Church St., New York 
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CUTLER-HAMMER 
Lt 


MARINE ELECTRICAL EQUIPMENTS 


FOR 


NAVAL AND MERCHANT VESSELS 


The U. S. Navy has adopted electric drive for most 
of the auxiliaries on its war vessels, and particular 
mention may be made of the steering gear, anchor 
windlass, and deck gear, such as winches, capstans, 
cranes, etc. 

Recent developments indicate a similar tendency 
in the merchant service, especially where the use of 
Diesel engines reduce the boiler plant to a negligible 
quantity. 

Our experiences in the develop- 
ment of Naval apparatus will be 
useful to you in the application 
of electric drive on merchant ves- 
sels. 


Plans, Specifications and Service 
can be obtained promptly from 


THE CUTLER-HAMMER MF6. CO. 


MILWAUKEE, WIS, 


Electric Steering New’ York Offices Automatic Truck 


Gear Controller Hudson Terminal 50 Church St. Seon tant, 
Controller 





¥ Submarine Main 
Motor Controller 



































STANDARD WATER SYSTEMS (0. 


ENGINEERS AND MANUFACTURERS 


“STANDARD” MULTICOIL 


FEED-WATER HEATERS 
EVAPORATORS 
DISTILLERS 

OIL HEATERS AND COOLERS 


MAIN OFFICE. AND WORKS SALES OFFICE 
HAMPTON R, R. ROW & H, C, DAVIS 
N, J. 90 WEST ST., NEW YORK 
































i 
STORAGE BATTERY 
ALU 


The Gould Lead-Type Storage 
Battery is a “known quantity’”’ 
having stood the test of time in 
Government service in connec- 
tion with submarines, gun-firing 
mechanisms, wireless, field tele- 
graph, fortification lighting and 
inter-communicating telephones. 
The following features of the 
Gould Lead-Type Storage Bat- 
tery have been repeatedly demon- 
strated: Long life—rugged con- 
struction—light weight where the 
minimum of weightisdemanded— 
compact—high voltage on dis- 
charge — high operating effi- 
ciency under adverse conditions. 


Gould Storage Battery Co. 


GENERAL OFFICES 


30 East 42d St., New York 
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CONSULTING ENGINEERS DIRECTORS 


CapTaiIN C. W. DYSON REAR ADMIRAL A. B. WILLITS 
LuTHea D. LOVEKIN, M. E. RAYMOND E,. LOVEKIN, AssT. 


THE AMERICAN SCREW PROPELLER COMPANY 


1520 SANSOM ST., PHILADELPHIA, PA. 


DESIGNERS OF SCREW PROPELLERS BY THE 


DYSON METHOD 


UNRIVALED EQUIPMENT FOR THIS WORK 








acres is a distinct advantage in choosing from a line 
of marine products on which the responsibility for ser- 
vice and satisfaction is concentrated in one organization, 
national in scope and reputation. 
For in this way you are assured of better service, better 
value and greater satisfaction all around. 
The Naval Engineer and Architect who specifies )-M 
Marine Products enjoys this advantage in the fullest sense. 
Let the nearest Johns-Manville Branch send you full 
ist of J~-M Marine Products for your file. 
Packings Mastic Flooring 
Bitumen-Mastic Solution, Enamel and Cement 
Audiffren-Singrun Refrigerating Machines 
Navy Brand Fire Felt 
“Noark” Enclosed Fuses 
Pipe Coverings—Magnesia and Asbestos 


H. W. Johns-Manville Co. 


Executive Offices 296 Madison Ave., New York 


Boston Chicago Cleveland New York 
Seattle Philadelphia Pittsburgh St. Louis 
San Francisco 


= a 


SWASEY, RAYMOND AND PAGE, Inc. 


DESIGNERS OF MOTOR BOATS 
AND STEAM YACHTS . . . 


100 BOYLSTON STREET - - BOSTON, MASS. 









































‘THs boat is designed for pleasure, but with special reference 
to its availability for Coastal Defense work in time of war. 
Powered with two “Twin-Six” Van Blerks, 450 H.P. zach, 
40 M.P.H. Because of their dependability and efficiency, 
Van Blercks are installed in practically all boats of this type. 


VAN BLERCK MOTOR COMPANY 
Washington, D. C. 
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SUBMARINE BOATS 


HOLLAND TYPE 


THE MAJORITY OF SUBMARINES 
IN THE WORLD 
ARE OF THE HOLLAND TYPE. 





THE FIRST SUBMARINES IN THE UNITED STATES 
TO USE AND DEVELOP THE HEAVY OIL ENGINE. 





SUPERIORITY OF TYPE ATTESTED 
BY FINDINGS. OF U. S. NAVY BOARD 
AFTER EXTENSIVE OPEN COMPETITIVE TESTS. 


a 


BELLIGERENT OPERATIONS 
CONFIRM THE RESULTS 
OF PEACEFUL COMPETITIONS. 


ELECTRIC BOAT CO. 


11 Pine Street, New York City. 
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FRANCE METALLIC PACKING 


ss <t 
FOR ALL CLASSES OF 


MARINE SERVICE 


Send for Catalog 


FRANCE PACKING COMPANY 


TACONY—PHILADELPHIA, PA. 








terlin 


THE ENGINE?*REFINEMENT 
Ainest boats Cet load 


Model F, 8-Cylinders; Bore 51/’; Stroke 63’; 150 H.P. 
at 1,000 R.P.M.; 200 H.P. at 1,500 R.P.M. 


MAY WE SEND YOU PARTICULARS ? 


STERLING ENGINE COMPANY 
1276 NIAGARA ST. BUFFALO, N. Y. 


























ADVERTISEMENTS. 


PN EUMERCATOR 


Indicates depth and volume or weight of 


contents of fuel oil, fresh water, ballast 


tanks or bilges. 


Approved by United States and Argentine 
Navies. 


Installed on U.S. S. “New York,” “ Okla- 
homa,’’ ‘‘ Pennsylvania,” “Arizona,” etc. 


E. U. A. “ Rivadavia.” 
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Indicates forward and 
aft drafts. 


Registers mean draft 
and ‘corresponding 
tons displaced. 


Shows trim, checks 
invoices and deliv- 
eries, weighs cargoes 
and bunkers. 


PNEUMERCATOR COMPANY NEW YORK 
PNEUMERCATORS LID. - - LONDON 
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McINTOSH & SEYMOUR 
Diesel Type Oil Engines 





FOR 


SUBMARINE WORK 











500 B.H.P. Type 6-S-27 Submarine Engine 


A GREAT MANY ENGINES 
OF THIS TYPE 
IN SUCCESSFUL OPERATION IN VARIOUS 
NAVIES OF THE WORLD 


AMERICAN MATERIALS AND WORKMANSHIP 
COMBINED WITH THE SWEDISH EXPERIENCE 
OF THE LAST FIFTEEN YEARS 
MAKE THIS ENGINE POSSIBLE FOR THE 
UNITED STATES NAVY 


MCINTOSH & SEYMOUR CORPORATION 


Diesel Type Oil Engines and Steam Engines 
AUBURN, N. Y. 
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SUBMARINE BOATS 


EVEN KEEL TYPE 


THE LAKE TORPEDO-BOAT COMPANY 


BRIDGEPORT, CONNECTICUT, U. S. A. 


Managing Director, R. H. M. ROBINSON, 
_Late Naval Constructor, U. Ss. Navy. 


TOBIN. BRONZE 


TRADE-MARK “ REGISTERED IN U. S, PATENT OFFICE.” 
NON-CORROSIVE IN SEA WATER. Readily Forged at Cherry Red Heat. 


Round, Square and Hexagon Rods for Studs, Bolts, Nuts, etc., Pump Piston Rods, Yacht 
Shafting, Rolled Sheets and Plates for Pump Linings, Condensers, Rudders, Center 
Boards, etc. Hull Plates for Yachts and Iaunches, Powder Press Plates, Boiler and Con- 
denser Tubes, For tensile, torsional and crushing tests see descriptive pamphlet furnished 


on application. 
SOLE MANUFACTURERS 


THE AMERICAN BRASS COMPANY 


ANSONIA BRASS & COPPER BRANCH 


ANSONIA, CONN. 
Also M Manufacturers of Copper and Brass Sheets, Rods, Tubes and d Wire, E Etc., Etc, 


BOLINDERS 
OIL 
ENGINES 


STATIONARY AND MARINE 


MADE IN SIZES RANGING FROM 3 TO 600 
B.H.P, PER UNIT. 12,000 ENGINES NOW IN USE, 
REPRESENTING 350,000 B.H.P. FOR PARTIC- 
ULARS AND RECORDS, APPLY DIRECT TO 
HEAOQUARTERS 


BOLINDERS CoO. 
30 CHURCH ST. NEW YORK 


























REDUCING VALVES 


AND OTHER 
PRESSURE REGULATORS 


answer every requirement for Marine Service where 
the accurate and automatic control of Steam, Air and 
Water Pressure is required. 


MASON REGULATOR CO. 
BOSTON, MASS. 
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LOW PRESSURE REFRIGERATING MACHINES 


(Ethyl! Chloride) 





ELECTRIC, STEAM OR GAS ENGINE DRIVEN 


ESPECIALLY DESIGNED FOR MARINE SERVICE 


Clean, Compact, Reliable, Silent 
Relatively Light in Weight . . 


THE CLOTHEL —— 


61 Broadway 
NEW YORK CITY, N. Y. 


Write for Catalogue 
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BATH IRON WORKS, LTD, 


BATH, MAINE. 
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BUILDERS OF DESTROYERS, FAST YACHTS AND PASSENGER STEAMERS. q 
NORMAND WATER TUBE BOILERS. PARSONS MARINE STEAM TURBINES. 


FOURTEEN re ate BUILT OR BUILDING FOR THE UNITED STAT 
NAVY, ALL HAVING SPEEDS OVER THIRTY KNOTS. 4 


R. BERESFORD 


JOB PRINTER 


AND 


BOOKBINDER 


605 F STREET, NORTHWEST 
CITY OF WASHINGTON 








